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A NEW METHOD FOR THE DETECTION OF OCCULT 
BLOOD IN STOOLS. 


By WILLIAM G. LYLE anp LOUIS J. CURTMAN. 
(From the Harriman Research Laboratory, The Roosevelt Hospital, New York.) 


(Received for publication, November 5, 1917.) 


The finding of cecult blood in stools is of great importance in 
the diagnosis of ulcer and cancer of the stomach. However, the 
usual chemical methods are so unreliable in their results that they 
are at present discredited by many surgeons and internists. A 
review of the literature of this subject shows not only that the 
number of reagents proposed is very large, but that there also 
exists a considerable number of procedures for the use of these 
reagents. The two most widely used are gum guaiac and ben- 
zidine. The phenolphthalein reagent is difficult to prepare and 
moreover is entirely too sensitive for ordinary use. In a previous 
paper! we have shown how the benzidine reagent may give erron- 
eous results unless great care is exercised in cleaning all the ap- 
paratus as well as in the use of reagents of definite concentrations. 
In the routine examination of stools we have found it difficult to 
get good controls with benzidine; moreover, it is too sensitive. 
An alcoholic solution of gum guaiac possesses the following dis- 
advantages: (1) Not being of fixed composition or purity, a solu- 
tion of definite concentration cannot be readily prepared. (2) 
Gums from different sources vary greatly in their sensitiveness 
as well as in the stability of the blue compound formed.? (3) 
For the best results, solutions must be freshly prepared. 


1 Lyle, W. G., Curtman, L. J., and Marshall, J. T. W., J. Biol. Chem., 
1914, xix, 445. 

2 In this connection the following Cee rent will be of interest. Three 
specimens of gum guaiac purchased from different dealers were ground and 
separately dissolved in 95 per cent alcohol in the proportion of 1:60. 0.5 ce. 
of each of these solutions was added to 2 ce. of an acetic acid-ether extract 
of a stool and treated with perhydrol. The first did not give a positive 
test, the second gave only a faint test, while the third yielded a good blue 
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All the above objections can be overcome by the use of guaiac- 
onic acid which is the active agent of the gum. ‘The preliminary 
work of this investigation was carried out with Mertk’s guaiaconic 
acid; but as this reagent was difficult to purchase, and its cost 
high, we experimented with gum guaiact in the hope of preparing 
therefrom some substance which in keeping qualities and sensi- 
tiveness would be fully equal to the commercial preparation of 
gualaconic acid and, moreover, would possess the additional merit 
of being readily and economically prepared. This we succeeded 
in doing. 


Preparation of the Reagent. 


The method of preparation based on a series of preliminary 
experiments’ is as follows: 50 gm. of the ground crude gum guaiac 
were treated in a beaker with 20 gm. of KOH dissolved in 200 ec. 
' of water. After thorough stirring, the mixture was filtered with 
the aid of suction through cotton spread out in a thin Jayer in a 
Buchner funnel. The residue was washed with water until the 
combined filtrate and washings approximated 1.5 liters. To the 
diluted KOH solution were added with constant stirring 21 ce. 
of glacial acetic acid which was run dropwise from a burette. 
The precipitate was allowed to settle, the supernatant liquid 
poured off, and the residue washed once with water by decanta- 
tion. The precipitate was then transferred to a Buchner funnel 
and dried by suction as much as possible. The precipitate was 
gently heated (small portions at a time) in an evaporating dish 
when most of the water separated and was removed by filter 
paper. After the removal of the water, and while the mass was 
still plastic, it was drawn out into thin sheets. In this condition 
the material rapidly hardens and dries in the air. The dried 
masses were then ground, treated with 300 cc. of hot 95 per cent 
alcohol and the mixture was thoroughly stirred to prevent the 
formation of a gummy mass. In a few minutes a dark brown 
material separated in a flocculent condition. This was filtered 


color but of short duration. Under the same conditions, our preparation 
gave a good blue color which lasted for some time. The experiment was 
repeated with the same results. 

3 We wish to acknowledge the assistance of Mr. A. G. Wikoff i in the prep- 
aration of this substance. 
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off and the alcohol removed from the solution by distillation. 
The residue in the flask was treated with 20 gm. of KOH dissolved 
in water, diluted considerably, and precipitated as before with 
about 20 cc. of glacial acetic acid. The precipitate was filtered 
off and dried as described above, after which it was ground and 
kept in a desiccator. The weight of the material finally obtained 
was 30.3 gm. representing a yield of 60 per cent. The time re- 
quired to make this preparation was 4 hours, the distillation of 
- the alcohol being the most time-consuming of all the operations. 
A solution containing 1 gm. of this preparation in 60 cc. of 95 
per cent alcohol was prepared, kept in a glass-stoppered bottle — 
of colorless glass, and its sensitiveness determined from time to 
time with a standard solution of blood. No appreciable difference 
in sensitiveness was observed at the end of several weeks. There 
is therefore no need for freshly preparing the solutionin making 
the test. 


Procedure for the Examination of Stools for Occult Blood. 


After considerable experimentation, the following procedure 
was adopted. Approximately 10 gm. of the stool are transferred 
to a beaker, 25 cc. of distilled water are added, and the mixture 
is stirred until of uniform consistency. Over a low flame, the 
mixture is heated with constant stirring to boiling and kept at 
the boiling temperature for several minutes. After cooling, one- 
half of the mixture is transferred to a glass-stoppered bottle of 
80. cc. capacity, 5 cc. of Merck’s reagent glacial acetic acid and 
25 cc. of ether are added, and the mixture is thoroughly shaken and 
allowed to stand for several minutes. In a test-tube, 2 cc. of 
the ether extract are treated with 0.5 cc. (1 : 60) of the prepara- 
tion described in this paper and finally one to five drops of 30 per 
cent Merck’s reagent perhydrol are added slowly from a pipette. 
A decided green, light or dark blue, or purple color indicates the 
presence of blood in quantity to be of clinical significance. Our 
experiments confirmed those of Buckmaster who first pointed 
out that boiling the blood was without influence on the test with 
guaiaconic acid. 


a0, Occult Blood in Stools 


Determination of the Sensitiveness of the Above Procedure. 


To this end a series of standard blood solutions was prepared 
as follows: 

Solution A.—1 cc. of freshly drawn human blood was diluted 
to 100 ce. in a volumetric flask with distilled water. A few drops 
of toluene were added as a preservative. 1 cc. of this solution 
contained 0.01 cc. of blood. 

Solution B.—1 cc. of Solution A was made up accurately to - 
10 ce. giving a solution of strength 1 ec. = 0.001 cc. of blood. 

Solution C.—1 ec. of Solution A was diluted to 20 ec., yield- 
ing a solution of strength 1 cc. = 0.0005 ce. of blood. 

Solution D.—1 cc. of Solution A was diluted to 30 ecc., giving 
a solution the strength of which was 1 ce. = 0. 0008 ce. of blood. 


Stools Employed in the Tests. 


The stools used in the following tests were obtained from patients 
kept on a meat-free and soup-free diet. They were all formed 
stools and when tested by the procedure already mentioned gave 
negative results. 10 gm. of a negative stool were weighed in a 
beaker, about 50 cc. of water added, and thoroughly mixed; the 
mixture was then made up with water to 100 cc. and again uni- 
formly mixed. Separate 10 ce. portions of this mixture were re- 
spectively treated with definite volumes of the above standard 
blood solutions, thoroughly mixed, and heated to boiling for 10 
minutes with occasional stirring on a hot plate. After cooling, 
the mixtures were stirred for 5 minutes with 3 cc. of glacial acetic 
acid and 12 ec. of ether. 2 cc. portions of the clear extracts were 
transferred to test-tubes, and treated with 0.5 cc. of guaiaconic 
acid solution and five drops of perhydrol. The following results 
were obtained. 

The experiments in Table I were repeated three times, using dif- 
ferent negative stools for each series, with the same results. It ap- 
pears therefore that when 1 gm. is taken for the test our technique 
is capable of detecting 0.0001 ce. of blood or one part in 10,000. 

It may be of interest to note that when 1 cc. of 3 per cent 
medicinal hydrogen peroxide was used in place of the five drops 
of 30 per cent perhydrol, very faint and in some cases negative 
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TABLE 1. 
10 Cc. Portions Containing 1 Gm. of Stool. 


Amount of 


No. Blood solution. blood in 1 gm. Test. 

of stool. 

cc. 

PEOED CGOPOOlUtION A... co: «sss smces « 0.005 Blue. 
oe ie : LOIRE. oh. eee eS | 0.001 Greenish blue. 
Seeieo ss SOEs yt eas 0.001 a ie 
A OLoes y BREN MoO 0.0005 Light green. 
pees 1 se Bast. «fete 0.0001 o ¥ 
Gen O° tt a OOF ea eee Slee .... | 0.00005 Negative. 
fee Oslin. . Die ae tt oe Ste 0.00003 
SMM OTILOOU Gs sr cats nse ecm cles occ 0.0 haa 


tests were obtained in extracts which gave unmistakably positive 
results with the usual quantity of perhydrol. 

To determine whether any advantage was to be gained by 
boiling the stool with acetic acid before extraction, the following 
experiments were made. Four portions, of 9 to 10 gm. each, 
of a negative, formed stool were treated as follows: 

(a) To one portion 25 cc. of distilled water were added. (6) 
To another portion 25 cc. of water containing 5 cc. of glacial acetic 
acid were added. (c) Same as (a) with the addition of 1 cc. of 
blood Solution A. (d) The same as (6) with the addition of 1 
cc. of blood Solution A. All were boiled for 10 minutes and the 
regular procedure was applied with the following results: 


SP Ae, . LOIN ED che ine Sea Dw als wad siele Negative. 
b “cc 

fT M5 G5 sis swash ha muowrred be Mons heat me ws Positive. 
d Hl “c 


The above experiments were repeated with the same results, 
showing that the preliminary boiling of the stool with acetic acid 
and water possesses no advantage over the adopted procedure 
of boiling first with a little water and subsequently extracting 
with acetic acid and ether. 

An examination of the various foods and pills given to patients 
in the hospital was made to see if they gave the test for blood. 
The procedure was the same as that employed in the examination 
of stools. For.analysis about 25 gm. of each food were taken and 
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sufficient of the pills to make one dose. Negative results were 
obtained with the following: American store cheese, custard, milk, 
prunes, oatmeal, farina, wheatena, bread (white), rice, egg, ice 
cream, condensed milk, compound C pills, A, B, and §, and A, B, 
and P, and laxative pills. A positive test was given by meat soup. 


Application of the Method to Hospital Cases. 


The method described in this paper was used in the examination 
of over 500 stools to be tested for occult blood with satisfactory 
results. Before carrying out the test, the patient was kept for 
at least 2 days on a meat-free and soup-free diet. Although a 
light green color indicated small quantities of blood, for clinical 
purposes, we chose to report such cases as doubtful and considered 
only those cases positive in which a dark green or blue color was 
obtained. 


SUMMARY. 


A new procedure for the detection of occult blood in stools is 
proposed, the chief features. of which are: 

1. The use of a new preparation derived from gum guaiac, 
which possesses the merit of being both stable and sensitive. 

2. Specific directions for the preparation of the ether extract. 

3. The use of perhydrol. 

The method was applied to the examination of over 500 speci- 
mens with satisfactory results. 


THE PROTEINS OF COW’S MILK.* 


' By THOMAS B. OSBORNE anp ALFRED J. WAKEMAN. 


WITH THE COOPERATION OF CHARLES S. LEAVENWORTH AND 
Owen L. Nowan. 


(From the Laboratory of the Connecticut Agricultural Experiment Station, 
New Haven.) 


(Received for publication, November 22, 1917.) 


Although casein has been the subject of numerous investiga- 
tions during the past few years, very little attention has been 
given to the other proteins of milk, notwithstanding the fact 
that the published data regarding these are comparatively 
meager. The reason for this is doubtless based on the idea, 
which formerly seems to have been held generally, that since 
casein forms about 80 per cent of the total protein in milk, the 
other proteins have such a.subordinate importance in nutrition 
that a special investigation of them is not important. 

Since recent studies of the chemical constitution, as well as 
of the relative nutritive value of individual proteins, have shown 
such wide differences between several of them, and especially 
since the heat-coagulable protein of milk, the so called lactalbu- 
min, has appeared to be preeminently adapted to the nutritional 
requirements of growing animals, it has seemed worth while to 
learn more than is now known respecting these proteins. This 
has furthermore become important in view of the now generally 
recognized fact that milk contains among its water-soluble con- 
stituents the so called vitamines, which are essential for the 
growth of young, as well as for the continued maintenance of 
adult animals. : 

In all attempts to discover the nature of the water-soluble 
vitamine in milk it is essential to know the properties and pro- 


* The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the.Carnegie Institution of Wash- 
ington, D. C. 
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portion of protein which remains in solution after removing 
casein and the heat-coagulable proteins, for until we know how 
to remove this we cannot expect to deal successfully with the 
non-protein nitrogenous constituents of milk. We have there- 
fore devoted much time to a painstaking study of this problem. 

No attempt will be made to review the literature relating to 
this subject which has appeared in widely scattered journals, for 
in most cases the published details are too scanty to permit a 
critical comparison of the results with one another, or with those 
which we have obtained. References to the greater part of this 
literature can be found in the summaries of the published data 
relating to the chemistry of milk.! 


EXPERIMENTAL. 


A liters of skimmed milk, obtained in January from a mixed 
herd of a neighboring dairy, were saturated with ammonium 
sulfate and the precipitate was allowed to drain over night on 
a large folded paper. It was then ground in a Nixtamal mill 
with water, the volume brought to 3 liters, and stirred for some 
time until all was dissolved except a little fat. The solu- 
tion was then filtered through a dense felt of paper pulp and 
the latter washed with water. The filtrate was opalescent, but 
transparent. The proteins were again separated by saturating 
with ammonium sulfate, redissolved in 4 liters of water, and the 
slightly turbid fluid was treated with about 600 cc. of 1 per cent 
sulfuric acid which caused the casein to separate sharply. After 
standing on filters over night in a cold room, protected by toluene, 
the casein contracted to a dense mass and. retained relatively 
little of the solution. 

The clear filtrate was gradually treated with ammonia until 
neutral to litmus, but as no precipitate formed, the absence of . 
unprecipitated casein, of “‘acid albumin,” and also of calcium 
phosphate was demonstrated. The neutral solution was acidified 
slightly with sulfuric acid and saturated with ammonium sulfate, 
The precipitate was pressed on filter paper, dissolved in water, 


4 Raudnitz, R. W., Ergebn. Physiol., 1903, 11, 198. Rosenau, M. J., and 
others, Bull. Hyg. Lab., U. S. P.H., No. 41, 1908, No. 56, 1909. Lane- 
Claypon, J. E., Milk and Its Hygienic Relations, London, 1916. 
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and the solution filtered through a felt of paper pulp to remove 
traces of insoluble matter. The filtrate (about 1 liter) was 
again saturated with ammonium sulfate and the precipitate 
allowed to drain on filters over night. When dissolved in 
water, an opalescent, slightly acid, but transparent solution was 
obtained. A little of this when dropped into much distilled 
water gave a turbidity which disappeared on stirring, but no 
degree of dilution could be found at which a distinct separation 
of globulin took place. After saturating this solution with 
ammonium sulfate the precipitate was filtered out and pressed on 
filter paper over night under a heavy weight. By the foregoing 
' treatment the precipitate, which consisted of all of the milk 
proteins except those removed by acidifying the milk, was 
quite thoroughly freed from lactose and other non-protein con- 
stituents of the milk. The crumbly precipitate was then dis- 
solved in water, and, in order to remove globulin, its solution 
was saturated with magnesium sulfate. The resulting precipi- 
tate, A, was filtered out and treated as will be described on 
page 11. 


Lactalbumin. 


A sample of the filtrate from the globulin, which was per- 
fectly neutral to litmus, was diluted with three volumes of water 
and heated to 90°. <A flocculent coagulum separated very slowly. 
Another sample, when made distinctly acid to litmus with 
acetic acid, behaved in the same way. The remaining solution 
was diluted with three volumes of water, made slightly acid to 
litmus with acetic acid, and heated to boiling. The coagulum 
was filtered out, washed with -boiling water till freed from sul- 
fate, then with dilute, and finally with absolute alcohol, and 
dried over sulfuric acid. This preparation of coagulated lactal- 
bumin, which had been freed from globulin by saturating its 
neutral solution with magnesium sulfate, weighed 10.8 gm., 
contained 6.25 per cent of moisture, and 0.16 per cent of ash. 
Its composition, ash- and moisture-free, after drying at 110°, 
was: 
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Lactalbumin Free from Globulin. 


Coagulated. 
Sebelien.? 
I II Average. 

CArDON (2c 8- see cede ea ee tos ee ee 52.61 52.42 52.51 52.91 
Hydrogen (vers nk nee 7.18 7.01 7.10 7.18 
Nitrogen. {9 cia dian: a eee 15.38 15.48 15.48 15.77 
DUITUT' sprain cela. none ene 1.92 1.92 1.73 
Phosphorus... eke ow cee Trace. Trace. 0.18 


Oxyren (by difference) cre yn ee (sn oe ee 23 .04 


In harmony with the fact that this coagulated preparation 
of lactalbumin contained only a trace of phosphorus we found that 
another preparation which had been similarly precipitated by 
saturation with magnesium sulfate, but had not been coagulated 
by heat, when extracted with alcohol yielded only an insignifi- 
cant amount of substance resembling phosphatide, and that this 
contained only a trace of phosphorus. It is thus evident that 
the phosphatide, which we previously obtained from the coagu- 
lated protein of milk,’ is not associated with the purified lact- 
albumin. 

The filtrate from our coagulated lactalbumin gave a slight 
flocculent precipitate with acetic acid and potassium ferrocyanide, 
showing the presence of a very little still uncoagulated protein. 
That a very complete separation of globulin from albumin is 
obtained by the method employed in making this preparation is 
shown by the results of anaphylaxis experiments made by H. G. 
Wells with another preparation made in the same way, except that 
the final precipitation of the albumin was effected by acidifying 
the filtrate from the globulin precipitated with magnesium sul- 
fate, instead of by heating. This precipitate was freed from most 
of the adhering solution of magnesium sulfate by pressing between 
layers of filter paper, and was then dried over sulfuric acid. 
The preparation thus obtained, which still contained much 
magnesium sulfate, was perfectly soluble in water. | Guinea 
pigs sensitized by this preparation were promptly killed by a 

? Sebelien, J., Z. physiol. Chem., 1885, ix, 463. ? 

3 Osborne, T. B., and Wakeman, A. J., J. Biol. Chem., 1915, xxi, 539. 
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second injection. On the other hand, those sensitized with a. 
preparation of the carefully purified globulin showed no reaction 
to a subsequent injection of lactalbumin, nor were they protected 
against a later injection of the globulin, for animals thus treated 
died within a few minutes. 

‘Assuming that 1 liter of whole milk, containing 3.5 per cent 
of fat, is equal. to 965 cc. of skimmed milk, the 10.11 gm. of 
ash- and moisture-free coagulated lactalbumin obtained in this 
experiment from 4 liters of skimmed milk are equal to about 2.4 
gm. per liter of the original whole milk. That the actual amount 
of lactalbumin was somewhat greater than this is indicated by 
facts discussed later in this paper in connection with the possible 
presence of proteoses in milk. 


Lactoglobulin. 


In order to remove completely lactalbumin from precipitate 
A (page 9), which was produced by saturating the neutral solu- 
tion with magnesium sulfate, this was dissolved in about 400 ce. 
of water, the solution again saturated with magnesium sulfate, 
and the precipitate filtered out and pressed very thoroughly 
between filter paper. After repeating this process the final 
precipitate, when dissolved in about 250 cc. of water, yielded 
a brownish colored, strongly opalescent, but transparent solu- 
tion which was just perceptibly acid to delicate litmus paper. 
Dropped into much distilled water a cloud formed suggesting 
precipitation, but on mixing only a turbidity remained. When 
3 cc. of this solution were mixed with 3 cc. of water 4 or 5 drops: 
of 1 per cent acetic acid and 0.5 cc. of 20 per cent sodium chloride 
solution, a coagulum appeared on heating to 71°, which sepa- 
rated in much finer flocks than those yielded by heating a solution 
of lactalbumin. After heating at 71-75° for a short time the 
coagulum was filtered out. The filtrate gave no turbidity on 
boiling but did give a slight precipitate when saturated with 
ammoniym sulfate. 

The main solution was accordingly diluted with water to 
600 cc., made distinctly acid to litmus with 3 cc. of 1 per cent 
acetic acid, and 30 cc. of a 20 per cent sodium chloride solution 
were added, which caused opacity in thin layers, but produced 
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no visible particles. On heating to 72° a flocculent coagulum 
formed which separated so imperfectly that centrifugation was 
necessary for its removal. The deposit was washed free from 
sulfate by centrifuging several times with water, then with 
50 per cent alcohol, dehydrated with absolute alcohol, extracted 
with ether, and dried over sulfuric acid. This preparation 
weighed 2.4 gm. and contained 8.55 per cent of moisture (dried 
at 110°) and 2.12 per cent of ash. This is equivalent to 0.52 
gm. of moisture- and ash-free globulin per liter of whole milk, 
assuming that 1 liter of whole milk is equivalent to 965 cc. of 
skimmed milk. Ash- and moisture-free, this preparation had the 
following composition: 


Lactoglobulin Free from Lactalbumin. 


I II Average. 
Carbon. Jo)3 cee RBI et ee 51.92 51.85 51.88 
Hey drogen yim whee ce cin ee eee ae 7.01 6.88 6.96 
Nitrogen ies eek bok ae cc cea ee ee eee 15.47 15.40 15.44 
Sulfur® Settee ae orck oe ee cee eee eee 0.86 0.86 
Phosphorus?) 2923570. a ee 0.24 0.24 
Oxygen (by citeren oa sla svete LN RG ER ns ee 24.62 — 
100.00 


Since all of the phosphorus contained in this preparation was 
recovered in the ash, special investigation was required to de- 
termine whether this belonged to phosphatides, to contaminat- 
ing phosphates, or to other phosphorus-containing substances. 
Accordingly another preparation was made from 6 liters of 
centrifugated milk in the same way up to the point of final pre- 
cipitation with magnesium sulfate. When freed from almost 
all of the adhering solution by pressing with filter paper, it 
was reduced to a fine powder and digested for a long time, with 
absolute alcohol. Dried over sulfuric acid this preparation 
weighed 7.72 gm. and contained 7.21 per cent of nitrogen, equal 
to 3.6 gm. of globulin, the balance being magnesium sulfate and 
water. The alcoholic extract when’ evaporated left a residue 
weighing 0.1960 gm., thus making the total amount of the magne- 
sium sulfate precipitate 7.92 gm. The residue from the alcoholic 
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extract was treated with ether, which dissolved all but a little 
finely divided white substance. This latter had the appearance 
characteristic of the diaminophosphatide which we previously 
obtained under similar conditions from the mixed phosphatides 
extracted from the coagulated milk protein. Without filtering, 
the ether solution was poured into acetone and yielded a pre- 
cipitate which contained phosphorus equal to about 0:0800 gm. 
of phosphatide, equivalent to 2.2 per cent of the lactoglobulin 
as calculated from the nitrogen in the magnesium sulfate precipi- 
tate after extraction with alcohol. 

The preparation of lactoglobulin coagulated by heat and ex- 
tracted with alcohol contained 0.24 per cent of phosphorus, 
which would correspond to about 7 per cent of phosphatide if all 
of the phosphorus were present in such substances. Owing to 
the presence of the relatively large amount of magnesium sulfate 
it was not possible to determine how much of this phosphorus 
belonged to inorganic phosphates, but the repeated precipitations 
with ammonium sulfate ought to have removed this completely. 

As just noted, the alcoholic extract of the uncoagulated lacto- 
globulin contained phosphorus equal to 2.2 per cent of the 
globulin. In this respect a similarity exists with the vitellin 
from hen’s eggs which on treatment with alcohol yields over 
20 per cent of substance, much of which is phosphatide, while 
the thoroughly extracted protein contains about 1 per cent of 
phosphorus. It is possible that lactoglobulin is a similar lec- 
ithalbumin, or is a mixture of proteins, one or more of which 
belongs to this group. Further investigations are needed before 
final conclusions can be reached as to the true nature of this 
protein which, in its solubility relations, has little in common 
with most other globulins. 

These results, together with the fact that the coagulated 
lactalbumin as well as the albumin fraction after repeated pre- 
cipitation with magnesium sulfate in the uncoagulated state 
yielded only a trace of phosphorus, show that phosphatides are 
associated only with the lactoglobulin. 

Preliminary tests showed that the filtrate from the coagu- 
lated globulin contained protein, which, even after adding more 
sodium chloride or acetic acid, could not be caused to separate 
by longer heating. A liberal quantity of alcohol therefore was 
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added to the filtrate from the coagulated globulin, and the 
precipitate, which separated after long standing, was filtered 
out and digested with water. Since the resulting gelatinous 
mass could not be washed on filter paper it was suspended in 
about 400 ce. of 90 per cent alcohol, centrifuged, washed with 
absolute alcohol, and dried over sulfuric acid. This prepara- 
tion (lactoglobulin?) weighed.0.97 gm., equal to about 0.2 gm. 
per titer of the original whole milk. 

The alcohol which had been in contact with this smaller part 
of the magnesium sulfate precipitate was evaporated and the 
residual solution shaken out with ether. The concentrated 
ethereal extract was poured into acetone, and a small precipitate 
which had the appearance of a phosphatide was obtained. 


Proteoses in Milk. 


We have devoted a great deal of time to determine definitely 
whether or not proteoses are really present in milk, for this 
question is not only of interest to the physiologist, but has im- 
portance in devising methods for future investigations of the 
non-protein nitrogenous constituents of milk, as well as for mak- 
ing preparations of our so called protein-free milk which shall 
contain less protein than the product heretofore employed. 
Since our numerous experiments have yielded no results from 
which positive conclusions can be drawn only a general account 
of their outcome need be given here. 

By proceeding according to the conventional methods, first 
removing casein by precipitation with acid, and albumin and 
globulin by boiling the acid filtrate from the casein, some protein 
has always been found in solution. Repeated attempts to ob- 
tain sufficient quantities of this protein for detailed examination 
showed that not only its properties, but also its proportion varied 
greatly in different experiments, and in many ways it differed 
distinctly from typical proteoses. Our experience has convinced 
us that the protein thus escaping coagulation is largely derived 
from some one or other of the milk proteins through the action 
of the reagents used. That it is not the result of the action of 
enzymes or of bacteria in the milk seems to be excluded by the 
fact that centrifugated milk, saturated with ammonium sulfate 
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within an hour after drawing from the cow, gave a precipitate 
which, when worked up as rapidly as possible, yielded substan- 
tially the same result as did milk 12 hours old when similarly 
treated. The acidity of the filtrate from casein, precipitated 
by either hydrochloric, or by acetic acid, in the presence, or 
absence, of phosphates, or of sulfates is pH = 4.64 so that co- 
agulation in most. of our experiments took place at practically 
the same degree of acidity. At this degree of acidity some 
alteration of the globulin or albumin may take place during the 
heating. necessary to coagulate these proteins. We have founa 
however, that if fresh milk is heated to boiling before acidifying 
and casein together with the coagulated proteins is subsequently 
removed by acidifying and filtering, a small amount of uncoagu- 
lated protein still remains in solution. 

No method that we have as yet devised has enabled us to obtain 
evidence that a certain but relatively very small amount of pro- 
teose may not be an original constituent of cow’s milk. In our 
last attempt we obtained per liter of milk only 0.2 gm. of pro- 
tein resembling proteose although mechanical losses were at the 
most very small. Until the conditions under which coagulation 
of the globulin and albumin can be quantitatively effected are 
established we shall not be in a position to determine definitely 
whether or not milk contains any proteose. 


Stegfried’s “Nucleon.” 


Siegfried® obtained from the extract of horse muscle a substance 
which he called Flezschsdure. This he believed to occur in com- 
bination with phosphoric acid, which compound he first named 
Phosphorfleischsdure. Since Fleischsdéure appeared to be identical 
with antipeptone,® Siegfried later proposed to call the phosphoric 
acid combination nucleon’? on account of the similarity of its 
products of hydrolysis to those of the nucleins. Nucleon can be 
precipitated as an iron compound, carniferrin, which contains 


4Cf. Allemann, O., Biochem. Z., 1912, xlv, 346. Michaelis, L., and 
Pechstein, H., ibid., 1912, xlvii, 260. 

6 Siegfried, M., Ber. Sdchs. Ges. Wissensch. zu Levpzvg, Math. u. phys: 
Classe, 1893, xlv, 485. 

6 Siegfried, Arch. Phystiol., 1894, 401. 

7 Siegfried, Ber. chem. Ges., 1895, xxviil, 515. 
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about 30 per cent of iron, is soluble in an excess of alkali, and 
behaves like a compound of protein with iron. 

Siegfried’ later obtained a product from cow’s milk which he 
considered to be identical with fucleon from muscle extract, 
except that it yielded fermentation lactic acid instead of para- 
lactic acid, when hydrolyzed with baryta. He obtained this by 
precipitating casein with acid and the coagulable proteins by boil- 
ing. After removing phosphates by adding calcium chloride and 
ammonia, and neutralizing the filtered solution, carniferrin, the 
iron compound of nucleon, was precipitated by adding ferric 
chloride and boiling. 

We have confirmed Siegfried’s observation by applying the 
above procedure to milk serum from which the proteins and 
phosphates had been removed as he directs and much of the lac- 
tose by concentration and crystallization. This solution, how- 
ever, contained a not inconsiderable quantity of proteose-like 
protein which could be separated by saturation with ammonium 
sulfate and readily obtained almost free from phosphorus by 
treating its solution with baryta, removing the latter with sulfuric 
acid, and precipitating with an excess of alcohol, a procedure 
substantially like that employed by Siegfried. Practically all of 
this proteose was included in the precipitate produced by adding 
ferric chloride and boiling. However, although a considerable 
amount of ferric chloride could be added to the filtrate from the 
precipitate produced by saturating with ammonium sulfate 
before a reaction with ferrocyanide occurred, no nucleon-like 
precipitate could be obtained in this solution freed from proteose. 
Although Siegfried makes no statement as to the presence or 
absence of proteose-like substances in solution after removing 
coagulable proteins it would appear that he did not realize that 
such were present. Since he took no step to remove these, our 
exverience leaves little doubt that such protein formed a part 
of his carniferrin. It is to be noted that the aqueous extract of 
ox muscle when freed from coagulable proteins by boiling con- 
tains a small amount of protein which can be precipitated by 
saturating with ammonium sulfate. 

Our work with milk has convinced us that a part of the phos- 


8 Siegfried, Z. physiol. Chem., 1895-96, xxi, 360. 


T. B. Osborne and A. J. Wakeman V7 


phorus of the serum is organically combined and that some of 
this, at least, is precipitated by ferric chloride under the above 
conditions, for a sample of the carniferrin precipitate which we 
obtained, when dissolved in cold dilute nitric acid, gradually de- 
posited a voluminous light yellowish precipitate on standing at 
room temperature with no evidence of the formation of the char- 
acteristic yellow ammonium phosphomolybdate, whereas an- 
other sample did not give the yellow precipitate till boiled for 
some minutes and this gradually increased on continued boiling 
just as if phosphoric acid were being liberated by hydrolysis. 
That milk serum, freed from calcium phosphate by neutralizing, 
still contains phosphorus in organic combination is made prob- 
able by the fact that when this is acidified and boiled a precipi- 
tate of calctum phosphate forms when the solution is again made 
alkaline. 

In view of these facts it is our opinion that the nucleon which 
Siegfried obtained from milk was probably a mixture of un- 
coagulable protein and some still unidentified organic substance 
which yields phosphoric acid on hydrolysis. 


An Alcohol-Soluble Protein in Mulk. 


From the alcoholic washings of the large quantities of casein 
which have been made in this laboratory we have isolated several 
hundred grams of a protein which closely resembles gliadin of 
wheat in its solubility in alcohol of 50 to 80 per cent. Although 
the actual amount of this protein in milk is extremely small, the 
large quantity obtained as a by-product from the necessary 
processes incident to our feeding experiments seemed to justify 
a special investigation of its physical and chemical peculiarities. 
The results of this investigation, which will form the subject 
of a subsequent paper, have shown that this protein is an original 
constituent of milk and not a derivative of any of the other 
proteins contained therein. Since preparations have been ob- 
tained so far free from each of the other milk proteins that no 
evidence of such contamination could be detected by the anaphy- 
laxis reaction, we feel justified in regarding it as a new constituent 
of this important food product. 
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Van Slyke and Cullen have devised a practical method for the 
determination of the bicarbonate reserve of plasma, based on 
Van Slyke’s method for determining total CO. The method 
presented in this paper also determines the bicarbonate, but by 
titration of the alkali instead cf by the determination of the CO, 
of the NaHCO; molecule. 

At present the most accurate method of titrating the blood 
alkali against acid to a definite end-point is afforded by the gas 
chain, since the end-points of indicators are rendered indefinite 
by the proteins present. With the electrometric technique one 
may choose between two modes of titration, (1) adding a definite 
amount of acid and measuring the change in pH, or (2) as in ordi- 
nary alkalimetry, adding as much acid from a burette as is neces- 
sary to obtain a definite pH. Cullen (1917) in a recent paper 
has used the former method. The latter, however, has the ad- 
vantage that it permits one to choose an end-point so near the 
pH of circulating blood that comparatively little of the acid added 
combines with proteins and phosphates, so that only the bicar- 
bonate is titrated. 

In this paper apparatus is described for a convenient electro- 
metric titration by addition of acid until a desired end-point is 
reached. As end-point we have chosen the pH of water, which is 
7.00 at 23°. During the titration the free carbonic acid is reduced 
to approximately zero by washing out with hydrogen gas. Under 
- these conditions (pH = 7.0, H2CO3 concentration = 0) all the 
19 
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NaHCO; is changed to NaCl before the end-point is permanently 


ttained: i.e, for pH = 7 the ratio eo muse hoe 
attained; 7.e., for pH = e ratio aHGO, Must be about +. 


If, by washing out the COz gas, the H.CO; is reduced to’an in- 
finitesimal value, the NaHCO; is also reduced to approximately 
zero. | 

The effect of the titration therefore is to add sufficient HCl 
to change all the NaHCO; into NaCl. The phosphates of the 
serum have a negligible effect on the titration. They are nor- 
mally only about 34 themolecular concentration of the bicarbonate, 
and change of pH from 7.4 to 7.0 changes only about one-fifth 
of the phosphate present from NaHPO, to NaHe2PO,. The 
neutralizing power exerted by the serum proteins for the same 
pH change is calculated by Henderson to be equal to that of 
about 0.001 Nn alkali, while the bicarbonate is normally about — 
30 times as concentrated. Since the effect of the chief known 
buffers of the serum (aside from bicarbonate), v2z., phosphate 
and proteins, on the titration is calculated at only 749 and #5 re- 
spectively of the bicarbonate effect, the assumption appears 
justified that our titration measures the serum bicarbonate with 
a very slight error. As a matter of fact, we find that the amounts 
of acid required in our electrometric titration of normal human 
serum are equivalent to an alkali concentration of 0.030 N, 
which corresponds almost exactly ‘to the average bicarbonate 
concentration of normal plasma (65 volume per cent CO, = 0.029 Nn) 
found by Van Slyke and Cullen as a result of direct gasometric 
determination of the CO, portion of the bicarbonate molecule. 

In titrating plasma, I have used the rotating electrode (Me- 
Clendon, 1917, b) thus avoiding frothing and eliminating the 
necessity of pumping, but it was necessary to disconnect the 
electrode every time more acid was added. It seemed necessary, 
therefore, to devise an electrode into which acid could be run and 
through which hydrogen (or He-COz mixture) could be run with- 
out disconnection from the potentiometer. 

After some preliminary forms of electrode had been tried, the 
rotating electrode shown in Fig. 1 was found satisfactory. The 
electrode vessel is cylindrical (30 X 36mm.) with an opening 
10 mm. in diameter in one end and the other end cemented to a | 
cork pulley with sealing-wax, and the whole mounted in a wooden 
frame so as to rotate on a horizontal axis. Through the open end 
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of the cylinder is passed a large glass tube that fits snugly in the 
hole. Inside the large tube, three small glass tubes and a rubber 
tube are passed and cemented in with sealing-wax. The rubber 
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tube is 1 mm. bore and filled with a saturated KCl solution. 
The inner end hangs down in the cylinder and is closed with a bit 
of match that had been boiled in saturated KCl solution. The 
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outer end dips into a reservoir of saturated KCI solution con- 
nected with the saturated KCl-calomel electrode. The electrode 
proper is of gold coated with palladium black and connected to 
a platinum wire fused in one of the glass tubes. The wire is 
connected with the potentiometer. Lead glass was not used in 
sealing in the platinum wire owing to danger of reduction of lead 
thus making the platinum brittle. The 1 mm. glass tube was 
narrowed at one end so that the platinum wire would just go 
through. After insertion of the wire, a moment’s heating in a 
tiny blast flame sealed it in the end of the glass tube. About 
12 mm. of the platinum wire were allowed to protrude and a 
gold bead was fused on the end of it. This was accomplished by 
holding the end of a gold wire in a small Bunsen flame until a 
bead of the proper size formed, and advancing the end of the 
platinum wire into the flame until it touched the gold bead, then 
withdrawing it quickly. The gold bead was hammered to a dise. 
The finished electrode was put in place so that the gold disc hung 
down in the electrode vessel. Another glass tube, 1 mm. bore, 
was drawn to a dropping tip inside the electrode vessel and the 
outer end connected with a rubber tube of 1 mm. bore closed by 
a Langenbeck clip and connected with a 1 cc. pipette graduated 
in hundredths and filled with 0.1 N HCl or NaOH and used as a 
micro-burette. A glass tube of about 3 mm. bore served for the 
admission of hydrogen. 

In setting up the apparatus, the frame was set in place and 
weighted with lead so as to remain in position. 1 cc. of plasma 
was run into the electrode vessel and it was put in place by insert- 
ing the axle of the cork pulley in the vertical slot in the frame 
made to receive it. The cork pulley was connected by means of a 
string belt to a Tiffany motor. The micro-burette and connect- 
ing tube were filled with HCl and the rubber tube was filled with 
a saturated solution of KCl. The gold disc was coated with 
palladium black by electrolysis with a 2 volt current and a fairly 
strong solution of palladium chloride. When this solution be- 
came yellow it was evaporated until it appeared light brown in a 
layer about 2 cm. thick. The electrode was sprayed a moment 
with distilled water and the 10 mm. glass tube containing the 
four smaller tubes carefully inserted through the hole in the 
wooden frame and the hole in the electrode vessel. The 10 mm. 
tube fits tight in the hole in the frame and, owing to the downward ~ 
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bending of the small tubes, cannot be shoved straight in but 
must be started at an angle, and during the process the dise must 
not be allowed to dry or to touch any solid object. The operation 
is easier than it may seem. The 3 mm. glass tube is connected 
with a supply of hydrogen washed with HgCh, alkaline pyrogallol, 
and distilled water, and a vigorous stream of the gas passed 
through the electrode vessel. The Tiffany motor is started and 
the electrode vessel rotated so as to spread the plasma on its 
walls, at the same time leaving enough in the bottom to vover the 
disc. If any portion of the disc dries or gets a clot on it, it must 
be cleaned and recovered with palladium black. Readings are 
taken with the potentiometer and acid is run in while the vessel 
rotates. A 455 ohm galvanometer was used and a balance with 
the potentiometer took but a few seconds. The palladium black , 
was removed each day by inserting the dise for a moment in 
aqua regia and spraying with distilled water, and was then de- 
posited again. Since this can be done so quickly and without 
disconnecting the pipette or hydrogen tube or emptying the 
rubber tube of a saturated solution of KCl, I have not attempted 
to determine the length of life of a coating of palladium black. 
Platinum black has lasted longer in other electrodes but is not so 
easily removed. The gold disc may be dispensed with, but in 
order to get surface it is well to use a thick platinum wire, and a 
thick wire is liable to cause the 1 mm. glass tube to crack. I 
tried sealing a thick platinum wire into the glass tube with parafhn, 
and found that it worked for a few determinations. It could be 
coated with platinum black and cleaned by pulling it out of the 
paraffin and holding it in a flame. In putting it back, if great 
care was not used to see that the paraffin seal was perfect, mois- 
ture sometimes got into the glass tube and threw out the readings. 
Some platinic chloride solution that had been used for conductivity 
electrodes and had perhaps been contaminated with. heavy 
metals, when used to platinize the hydrogen electrode, gave errone- 
ous readings. | | 

The end-point chosen for the titration was the pH of pure water 
which is about 7.03 at 20°, 7.00 at 22—23°, and 6.95 at 25°. The 
titrations were made at 23°. 

The time required for a titration is not prohibitive for routine 
work. The collection, oxalation, and centrifugation of the blood 
under precautions to avoid the loss of COz must be done in any 
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method. Measuring 1 cc. of the oxalated plasma into the electrode 
vessel and cleaning and recoating the disc takes but a few moments. 
If 0.4 cc. of 0.1 n HClis added at the start the titration back with 
alkali takes 4 minutes. If the titration is made with HCl the 
speed with which the pH rises after the addition of acid indicates 
the amount of acid that it is safe to drop in the next time. The 
following example shows the time required for titration to the 
nearest hundredth of a cc. The final two pH readings give a pos- 
sible method for estimating to thousandths of a cc., but whether 
such an estimation can be duplicated has not been determined. 
In some cases a weaker HCI solution was used to ensure more 
accurate volumetric measurement. In the following table, since 
seconds are not recorded, in some cases, two operations are placed 
opposite the same minute. 


Hour, p.m. |Burette reading. pH Hour, p.m. |Burette reading. pH 
3.49 0.1 3.54 6.96 
3.50 7.90 3.55 7.00 
3.50 0.2 3.56 7.02 
3.51 [GOs 3.56 0.31 
3.51 0.3 3:57 6.85 
3.02 6.50 4.00 6.87 
3.53 6:90 4.05 6.87 


The titration in this case took 16 minutes and the alkaline 
reserve was found to be between 0.03 and 0.031 nN. It is not al- 
ways possible to find the end-point with only four additions of 
acid, but it is only after the last two burette readings that it is 
necessary to wait for the definitive pH to be reached. In the 
following titration six additions of acid were required but the 
time spent was the same. 


Hour, a.m. |Burette reading. pH Hour, a.m. |Burette reading. pH 
10.15 0.1 10.21 7.05 
10.16 7.4 10.21 0.32 
10.16 0.2 10.22 6.95 
10317, 1220 10.25 7.05 
10.17 0.25 10.25 0.33 
10.18 7.10 10.26 6.85 
10.18 0.30 . 10.30 6.85 
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The whole of 15 minutes need not be spent in titration as it is 
possible so to regulate the readings that practically all of the 
last 10 minutes may be spent in doing other things. 

In the above titrations, the pH of pure water was taken arbi- 
trarily as the end-point. This method gives at least comparative 
values and probably is not far from the true end-point, since it 
should at least determine the bicarbonate. It is impossible to 
titrate the phosphates, as a pH of about 3 to 4 would be neces- 
sary to decompose them, and at this pH the proteins would bind 
. acid. The isoelectric point of serum albumin is at pH = 4.7, 
and of serum globulin pH = 5.4, and these proteins should not 
bind acid or alkali at their isoelectric points. These proteins 
may bind some alkali at pH = 7 and therefore it might seem 
-best to use the mean of their isoelectric points as the end-point for 
titration. Itis necessary, however, to use about a third more acid 
in order to do this and it seems improbable that the proteins 
bind a fourth of the alkali at pH = 7. There may be other 
ampholytes in the plasma with very different isoelectric points, 
since the concentration of diffusible phosphates is not sufficient 
to account for this large acid-binding power. According to a 
rough calculation, the pH of distilled water under an atmosphere 
containing 5 per cent CO, should be near the isoelectric points of 
serum proteins. It would seem of interest, therefore, to compare 
the titration of plasma under hydrogen with that under hydrogen 
containing 5 per cent COz. Owing to the fact that no tanks were 
at hand and my gas mixer holds only 1 liter, I was not sure that 
equilibrium was reached. A sample of plasma was titrated while 
H» was passing and pH = 7.00 was maintained after 0.33 cc. of 
acid had been run in. By means of a 3-way cock, H. + 5 per 
cent CO2 was substituted and the change in pH noted while a 
liter of the mixture passed through the electrode vessel. The 
pH gradually fell, finally reaching 6.3. Since this is still far — 
removed from the isoelectric point of the proteins, it seems 
probable that some other buffer action is present but whether the 
phosphates could account for this buffer action was not determined. 

In the electrometric titration of many solutions the end-point 
is marked by a more or less distinct angle in the pH curve and it 
was thought advisable to plot these curves for plasma. The 
curves plotted by Cullen are almost straight lines and therefore 
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it would be necessary to remove more of the CO, than is accom- 
plished by Cullen’s method in order to show an angle or an asymp- 
tote. This removal of CO, is rapid at first but becomes slower 
and slower. 

In the following table the number of minutes between dropping 
in the acid and measuring the pH is recorded. 


Min. pH Burette reading. Min. pH \ Paes 
8.30 00 0.3 
00 OZ 1 7.20 
1 6.70 10 C230 
5 7.00 15 C30 
0 ed 00 0.4 
15 7.36 1 6.00 
20 7.50 5) 6.05 
Zo (300 10 6.07 
30 7.93 15 6.07 
40 8.02 


The above table merely shows that 40 minutes is not enough 
for the elimination of the CO, when an appreciable amount of the 
alkali is left in the plasma. The following table shows a similar 
experiment. " 


Min. pH Burette reading. Min. pH = sina 
8.04 10 7.30 
00 0.10 15 7.31 é 
1 7.30 00 0.31 
2 7.65 1 6.65 
4 7.80 5 - 6.73 
5) £289 10 6.73 : 
10 7 290es 00 0.35 
15 1292 1 6.15 
20 7.93 10 6.15 
30 7.94 00 0.40 
00 0.20 1 5.45 
1 7.00 5) 550) 
2 7.45 00 0.50 
10 €.55 1 4.75 
20 7.56 13 4.75 
00 0.25 00 0.60 
1 (Faw 1 4.40 
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In the above table the rate of rise of pH with washing out of 
COz was slower than in the previous experiment, probably due to 
less rapid flow of hydrogen. Somewhere between pH 5.4 and 
4.4 the proteins coagulated, presumably at the isoelectric point. 
This experiment shows the acid-binding power of the proteins 
after their isoelectric points have been reached by the slow change 
in pH on dropping in more acid, the last 0.1 cc. of acid changing 
the pH only 0.35. 

It seems to be impracticable to determine the alkaline side of 
the titration curve of plasma on titration with acid, and a far 
better way is the addition of an excess of acid at first and titration 
with CO.-free NaOH. In the following experiment, 0.4 cc. of 
0.1 n HCl were added to 1 cc. of plasma and titrated with 0.1 N 
NaOH. The blood had been exposed to air and hence the 
alkaline reserve of the plasma was not normal. 


NaOH pH NaOH pH 

cc. cc. 

0.00 5.40 0.25 9.02 
0.05 5.92 0.30 9.43 
0.10 6.57 0.35 9.76 
0.125 7.00 0.40 10.02 
0.15 7.42 0.45 10.24 
0.20 8.32 0.50 10.42 


On plotting these data a logarithmic titration curve is pro- 
duced which shows, however, considerable buffer effect. After 
the alkali is dropped in and well mixed by tilting the apparatus 
and by the rotation, a fall of potential of less than 2 millivolts 
is noted. This effect increases as the alkalinity increases and 
may be due to a slow process of combination of alkali with 
protein. No argument can be deduced from this curve to show 
that some other pH than 7 is a more logical end-point for titra- 
tion. It may be noted that when the alkali equivalent of the 
acid is dropped in the pH rises to 10. Plasma should reach this 
pH on driving out the CO, with hydrogen, but it would take a 
long time to accomplish it. 

On adding an excess of acid to drive out the CO, it is necessary 
to allow the vessel to rotate and a rapid stream of hydrogen to 
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flow about 5 minutes or more before beginning to titrate back 
with NaOH. The following table gives the minutes required, 
as shown by the rise in pH to an equilibrium. 


Min. pH Min. pH 
1 4.75 5) 5.40 
2 5.15 6 5.40 © 
3 5.30 7 5.40 
4 3.30 8 5.40 


Determinations may be made on 0.1 to 0.5 cc. of plasma using 
0.01 n HCl or NaOH. If the plasma does not cover the disc, 
it must be diluted with 1 per cent KCl solution until it covers 
the disc. | 

No undoubted cases of acidosis have yet been studied although 
I have agreed to do so. Plasma of lowered alkaline reserve was 
obtained by allowing the CO, to escape from the blood before 
centrifugation. ‘Two such experiments gave the alkaline reserve 
to equal 0.017 and 0.02 N respectively, but the alkaline reserve 
before exposure to air was not determined. As may be seen in 
the above pages, the normal seems to be about 0.03 if pH = 7 
is taken as the end-point. I do not, however, know the average 
normal and merely suppose certain samples to be normal since 
they were taken from patients without symptoms of acidosis. 
Van Slyke and Cullen give the average normal chemically bound 
CO, as 65 volume per cent, which I interpret as 0.029 n (since 
22.4 liters of CO: dissolved in 1 liter of 1 n NaOH would make a 
1 n solution of NaHCQ;). 

It was found that plasma kept for hours at room temperature 
and then placed in the refrigerator over night presented no 
difficulties the next day. Plasma kept 36 hours at room tempera- 
ture poisoned the hydrogen electrode so that no readings could be 
made. No HS was detected in this plasma, and the substance 
affecting the electrode was not determined. 


My thanks are due to members of the staff of the University 
Hospital for drawing samples of blood. 
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APPLICATIONS OF GAS ANALYSIS. 
IV. THE HALDANE GAS ANALYZER. 


By YANDELL HENDERSON. 
(From the Physiological Laboratory, Yale Medical School, New Haven.) 


(Received for publication, October 30, 1917.) 


This apparatus has such marked advantages for precise analysis 
of gas mixtures containing less than 30 per cent of oxygen, COs, 
and other absorbable or oxidizable gases that it has become the 
standard instrument. Nevertheless it has several features in 
which experience in this laboratory has shown that it may be 
simplified with advantage. The form of apparatus shown in 
Fig. 1 is the result of this experience. The advantage of this form 
is not in its use during analysis,—for this involves no significant 
change,—but chiefly in the ease with which it can be taken 
apart and cleaned (a feature in which the usual form of the 
apparatus is a source of much annoyance and waste of time), 
and in the lessened liability to ‘‘frozen’” cocks and breakage. 
It has a minimum of rubber connections and only one glass stop- 
cock. (I have also tried out an apparatus with connections of 
glass tubing of only 0.7 mm. bore, but have found this too small. 

The usual bore of 1.1 to 1.8 mm. is best.) 

The particular features of this form of the apparatus are: (1) 
a 4-way glass stop-cock shown in Fig. 2; (2) the adjustment of 
the volume of the control tube by means of a screw pinch-cock 
on a bit of rubber tubing on the lower end of the tube; (8) two 
large test-tubes in which the absorbents KOH or NaOH and 
potassium pyrogallate' are placed. The fine adjustment of 
pressure-volume is made by raising or lowering the test-tube 
containing the alkali. Tor the oxygen absorption the test-tube 
containing the pyrogallate may be raised and lowered, to avoid 


1Sodium pyrogallate (as described by Shipley, J. W., J. Am. Chem. 
Soc., 1916, xxxvili, 1687) has not proved satisfactory in this instrument. 
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the fatiguing elevations of the mercury bulb. In use the pyro- 
gallate solution is covered with a layer of petroleum oil sufficiently 
deep to protect it from the outside air. The lower ends of the 
pieces of glass tubing in the pyrogallate must be cut or broken 
diagonally. ‘The control tube*may be directly back of the gas 
burette instead of to one side as in the figure. 


It will be noticed that the water jacket enclosing the gas burette and 
the control tube has been shortened so as to include little more than the 


Frea2. 


bulbs and upper parts. This is allowable because the object of the water 
jacket is not to keep the temperature constant but to make it possible by 
stirring or bubbling the water to bring the air in the two bulbs to the same 
temperature and water vapor tension at the time of an observation. It is 
extremely hard on the eyes to read a fine burette accurately through the 
glass and water of a long jacket. A small ‘magnifying glass arranged to 
slide on the tube of the gas burette is convenient.? In all other re- 
spects the apparatus, the technique, and precautions on itg use are the 


* Wm. Gaertner and Company, 5345 Lake Park Avenue, Chicago, make a 
convenient form (Catalog No. C1365). 
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same as with the usual form of instrument.? Attention may however 
be called to one or two points which are often overlooked. 

Red rubber should not be used on the connections where alkali may 
touch it, as 1t gives off sulfur which may finally appear as hydrogen sul- 
fide in the burette. 

To make the rubber connections tight (in case of leakage) it is conven- 
ient to wrap them with elastic bands. Loop the band around the rubber 
tube, pull tight, and wrap the free end around the tube several times. 
Pass a small curved forceps under the wrapping, catch the end of the 
rubber band over the points of the forceps, and twist the end under the 
wrapping by withdrawing the forceps. This is a much better method of 
making joints tight than wrapping them with wire. 

The walls of the burette should always be moistened with a fraction of a. 
drop of 1 per cent sulfuric acid, and 2 or 3 cc. of this fluid should be placed 
in the control tube. 

The analyst must remember that accuracy in the use of the instrument 
does not depend upon an extreme effort to read the burette as finely as 
possible, but rather upon making sure that the absorptions are complete. 
It is essential therefore frequently after an analysis is supposedly com- 
plete to pass the gas over again into the absorbent and make another 
reading to be sure that no change occurs. 

A check on calibration, tightness of joints, and efficiency of absorbents 
which should be used daily is to make an analysis of atmospheric air. If 
the apparatus is properly graduated and in good order the sum of the 
oxygen and CQ, in uncontaminated atmospheric air should be found 
20.96 per cent, with an allowable error of + 0.03 per cent. 

The method of graduation used by most American glass blowers is far 
too rough and inaccurate for the precision requisite for this instrument. 
Thus in some burettes of this type made in America I have found the 
errors of graduation ten or even twenty times as great as are allowable 
(giving an analysis of ordinary air at 21.20 per cent oxygen or worse). 
The absolute error of the instrument was only 0.1 cc. and this is not greater 
than is quite common and is allowable for common purposes in an ordinary 
titration burette. For the calibration of the gas burette the glass blower 
must not use water but mercury. The standard burette ‘against which 
he calibrates must be of at least as fine bore as that of the tube of the 
burette to be calibrated. The standard burette must have been cali- 
brated with weighed amounts of mercury and no mark on the burette 
purchased should have an error greater than 0.005 ce. ° 

The purchaser of a burette should test it before assembling by invert- 
ing the burette, connecting it with a reservoir of mercury, filling to the 
7, 8, 9, and 10 cc. marks, respectively, pouring this mercury into a small 
tarred beaker, and weighing. 1 cc. of mercury at room temperature 
(18°C.) weighs 13.55 gm. An allowance of 0.004 cc. may be made for the 
reversal of the convexity of the meniscus in the inverted burette. 


Haldane, J. 8., Methods of Air Analysis, London, 1912. 
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The correctness of the graduation of the tube of the burette is most 
easily checked by drawing in on top of the mercury about 0.5 cc. of water. 
By raising and lowering the mercury and reading the air-water and water- 


‘ 
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mercury menisci at various levels (allowing time for the water to drain 
from the sides), errors of graduation due to irregularities in the caliber 
of the tube are revealed. The difference in the volume between the two 
menisci should not vary more than 0.005 cc. at any two levels. 
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In Fig. 3 is shown a similar modification of the Haldane ana- 
lyzer for the CO. content of atmospheric air. The bulb of the 
burette for this apparatus should have a capacity of 30 ce., and 
the tube of the burette should be graduated up to 100 parts 
(0.003 cc. each) of absorbable gas (CO2) in 10,000 of air. This 
instrument is quite as accurate and much simpler and cheaper 
than the Pettersson-Palmquist analyzer. 

In Fig. 4 is shown an apparatus which has been found useful 
for teaching purposes in this laboratory (one instrument to each 
six or eight students). For beginners it is a very much easier 
apparatus to use than the form shown in Fig. 1. Acidulated 
water (1 per cent sulfuric acid) is used in the burette instead of 
mercury. Common glass 6 ounce bottles are used to hold the 
absorbents, sodium hydroxide, and potassium pyrogallate. A 
layer of paraffin oil is placed on top of the absorbents to protect 
them from the air. The bottles stand on a shelf which also— 
supports the water jacket of the burette. 

The apparatus is used in the same manner as that described in 
the first paper of this series except that the addition of a control 
tube renders it possible to compensate for temperature changes 
in the course of an analysis. The use of the control tube is as 
follows. <A strip of mm. paper is pasted on the leveling bottle. 
The top of the control tube is opened. The leveling bottle is 
lifted a few inches and the fluid allowed to rise part way up the 
control tube, the top of which is then closed. The leveling bottle 
is held so that the fluid is at the same level in the bottle and 
in the tube and a loop of wire (X) is placed at this height on the 
tube. Before each measurement of gas volume in the burette the 
leveling bottle is moved up or down the control tube, and by 
means of the mm. paper strip note is made of the height above or 
below the meniscus in the control tube at which the bottle must 
be held to bring the gas in the control tube to its original volume 
(at X). The leveling bottle is then held at the same height 
above or below the meniscus in the burette. In this way the 
gas in the burette can always be brought to the correct volume 
per molecule. 

This instrument is adequate to all scientific and clinical in- 
vestigations except those involving the most extreme accuracy. 
The elimination of mercury renders it very much easier to use. 


Y. Henderson ot 


If time is allowed for the fluid to drain from the walls of the 
burette before each reading oxygen analyses come out nearly as 
well as with the mercurial burette. With COs the error due to 


| 


S ESR EKER LG 
wide tayafinee ft] crete vtatienali 


S 


38 Gas Analysis. IV 


solution in the acidulated water is very close to 1 per cent; that 
is, analyses of air giving 5.50 per cent should be corrected to 5.55 
per cent, or 2.10 to 2.12. 

The following names may be used for the apparatus* described 
in this series of papers: (1) For that described in the first paper, 
analyzer for CQ in alveolar air and blood; (2) for that shown in 
Fig. 1 of this paper, respiratory gas analyzer; (8) for that in Fig. 
3, atmospheric CO: analyzer; (4) for that shown in Fig. 4, modi- 
fied Orsat analyzer. 


I am indebted to Professor A. L. Prince and Mr. A. H. Smith 
for valuable assistance in the development of this apparatus. 


4 These instruments may be obtained from the Emil Greiner Company, 
55 Fulton St., New York. ; 


APPLICATIONS OF GAS ANALYSIS. 
V. BLOOD GAS ANALYSIS. 


By YANDELL HENDERSON anp ARTHUR H. SMITH. 
(From the Physiological Laboratory, Yale Medical School, New Haven.) 


(Received for publication, October 30, 1917.) 


The method to be described here is essentially a modification 
of that of Barcroft and Haldane (1) and of that described in the 
first paper of this series (2). The solutions employed are: (1) 
dilute ammonia (1 cc. of concentrated ammonia in 500 cc. of 
distilled water) kept tightly stoppered to avoid absorption of 
CO, from the air (or freed from carbonate with barium hydroxide 
and ammonium sulfate (8) ). <A little saponin is dissolved in the 
ammonia solution when an oxalate is used to prevent the blood 
sample from clotting. (2) A 10 per cent solution of potassium 
ferricyanide. (3) A 20 per cent solution of tartaric acid. | 

The apparatus used consists (1) of a Haldane gas analyzer in 
either its original or modified form (4), and (2) a small tube 
such as is shown in Fig. 1. 


Oxygen Analysis. 


The stop-cock of the diffusion tube is closed (7.e., turned to 
connect the side and end nipples); 1.5 cc. of the ammonia solu- 
tion are placed in the tube; and 1 cc. of the blood to be analyzed 
is introduced below the ammonia by means of a pipette. A short 
close fitting rubber stopper is inserted in the large end. A hy- 
podermic needle (disconnected from its syringe) is passed through 
this stopper to allow the escape of the air compressed by the 
insertion of the stopper. The needle is withdrawn, and the tube is 
rotated gently to mix the blood and ammonia until the corpuscles 
are completely laked. A small all glass syringe fitted with a 
hypodermic needle is then filled with the ferricyanide solution 
and the air is expelled. The needle is then thrust through the 
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rubber stopper until the point projects in the interior of the tube, 
and 0.25 cc. of the ferricyanide solution are injected. The 
needle is then carefully withdrawn. 


Kale) 
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Fic. 1. The blood gas diffusion tube. The plug of the stop-cock is 
bored only in a right angle, not in a T, so that only two of the openings 
are connected at once. The open end of the tube is graduated as shown. 
This end of the tube is closed with a rubber stopper cut to about a half 
or a third the usual length, so that the needle of a small all glass hypo- 
dermic syringe can be thrust through it. 


The tube is now placed for 5 minutes in a rotating apparatus 
(Fig. 2) consisting of a block of wood turning on an iron rod and 
belted to a slowly moving motor or shafting. There are a num- 
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ber of holes bored in the sides of the block of wood into which 
diffusion tubes can be inserted. The rate of revolution should 
be not more than 40 or 50 times a minute. During the rotation 
the contents of the tube spread in a thin film along the walls 
and allow complete diffusion of the liberated oxygen into the air 
of the tube. © 

The tube is next connected glass to glass with the gas analyzer 
by a short piece of heavy rubber tubing in the manner shown in 
Fig. 3. . The mercury bulb of the analyzer is lifted until mercury 
runs out through the top of the analyzer and fills the capillary 
tube of the blood gas diffusion tube. The lower end of the dif- 
fusion tube is placed in a beaker of water and the stopper is 


Fig. 2. Rotating apparatus. 


withdrawn under water. The beaker is raised or lowered until 
the levels of the fluid inside and outside the tube are the same, 
and the volume of the air in the tube is read. The stop-cock at 
the top of the diffusion tube is then turned and a sample of the 
air within the tube is drawn over into the analyzer and analyzed 
for oxygen. 

The residual gas from this analysis is nitrogen. As the per- 
centages of oxygen and nitrogen in atmospheric air are known, 
it is easy to calculate from the volume of this residual nitrogen 
the exact amount of oxygen which would have been found by the 
analysis if no oxygen had been given off by the blood. Todo 
this multiply the residual nitrogen by ae or 0.265. The vol- 
ume of oxygen thus calculated to have been in the air is sub- 
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tracted from that found. A correction is then made for the 
volume of gas which remained in the diffusion tube and connec- 
tions after the sample was drawn. Corrections are also made 
for barometric pressure and temperature, for the volume of gas 
is always expressed as it would be at 0°C: and 760 mm. barometer. 
The following is an example of this calculation. 


Volume of air in diftusion tubes ere = 10.17) tees 
Volume taken for analysis. . gx = 9.440 “ (2) 
Nitrogen remaining after absorpuon Of oxygen. = 7.342“ (3) 
Oxygen absorbed, 7.e., (2)—(3).. ek = 25098 “7 4) 
Volume of atmospheric oxygen in Fone of 
20.93: 

gas taken for analysis, 7.e., (3) X re ae = (1.945 -Sa 
Oxygen from blood in volume of gas analyzed, 

€.6. (AYH(B) oe 5 seuss tee os oe cate ee 

1 

Total oxygen from blood, 7.e., (6) X ae oe = 0/168 * 


Oxygen reduced from barometric pressure 755 
and temperature 20° to 760 and 0°, 7.e., (7) X 
100 eo 5 ie ies oe en 0.147 “ (8) 
755. (278 + 20) 
Volumes per cent oxygen in blood, 7.e., (8) X 
L006 Te Ee eat, teat, = 14.7 


I 


* Tables for these factors of pressure and temperature will be found in 
any handbook of chemical constants. 


Comparative determinations of the oxygen content. of the blood 
by the Barcroft-Haldane method using the Brodie apparatus (5) 
and by our method gave the following results. 


Barcroft-Haldane method. _ Gas analysis method. 
16.2. 16.3 
16.5 16.1 


The two methods are we believe of approximately the same 
order of accuracy. To one accustomed to the use of the gas 
analyzer, but not in practice for the use of the Barcroft-Hal- 
dane method in its usual form, our modification is, we believe, 
decidedly the easier. 

The precision of the method may be increased,—at least 
theoretically—by filling the diffusion tube initially with nitrogen 
(from the analyzer) instead of air, inserting the stopper under 
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water, and injecting the blood with the hypodermic syringe. 
But this refinement takes time and requires extreme care to 
avoid admitting the least trace of air. 


CO, Determination. 


The CO, content of the blood is determined in exactly the 
same manner and with the same tube, merely using the tartaric 


Fig. 3. A, gas burette of analyzer; B, diffusion tube; C, beaker of water. 


acid solution instead of ferricyanide. (When the amount of gas: 
in the blood is very high it is advisable to use only half quanti- 
ties of blood and reagent; namely, 0.75 ec. of ammonia, 0.5 cc. of 
blood, and 0.10 cc. of tartaric acid.) Owing to the solubility of 
CO, it is necesary in the calculation of the results to take into 
account that part of the gas which remains in solution in the 
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acidified diluted blood. This correction for any temperature may 
be obtained from Curve 1| in Fig. 4. 
A typical calculation of the results obtained is as follows. 


Volume of air at 18°C. (compressed) in dif- 
fusion tube before removing stopper......... 10.9" tce-eae) 
Volume of air (at atmospheric pressure) in dif- 


fusion tube after removing stopper...... a= [ds ee eee 
Volume taken for analysis... video a = TS eo 
Gas remaining after absorption o of CO). Ne ee = 7.506 “ (4) 
CO, absorbed, 7.e., (3)—-(4).. Soese SS O68 es 
2 
Total CO, in air in tube, 7.e., (5) X x, Re Ree = 038.40 wo) 
CO, in solution in acidified blood, 7.e., volume 
of liquid (2.75 cc.) X solubility coefficient 
(1.0) X COs in air in tube a Re APE ee oe Sy: = 0 00653. aa) 
Total GO, from blood, tel, (6) =P (7) ace. ae ae == 01479" eas) 
CO, reduced from barometric pressure 762 and 
: 760 
temperature 26° to 760 and 0°, 2.e., (8) X 762 
273 
Se i Se = 0.448“ (9) 


(273 + 18) 
Volumes per cent CO, in blood, 7.e., (9) X 100 = 44.8 


Comparison of the results obtained with the original Barcroft- 
Haldane method and with our modification shows in every case 
that the latter gives figures 2 to 3 volumes per cent higher than . 
those obtained with the older method. This is due to the fact that 
the heavy precipitate produced by adding both ferricyanide and 
acid to blood renders it extremely difficult in the Brodie appa- 
ratus to shake the last trace of CO, out of the thick coagulum. 


Semultaneous Determination of Oxygen and COs. 


There appears no reason (except that just mentioned) why 
both gases should not be determined on a single sample of blood 
by first liberating the oxygen and then the COs. We have found 
that this can in fact be done (using half quantities of blood and 
reagents or in diffusion tubes of 20 cc. capacity) if a small glass 
rod or some lead shot is put into the tube to assist in breaking . 
up the heavy masses of the precipitate formed by the addition 
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of the acid after the ferricyanide. Practically, however, unless 
the quantity of blood available is extremely limited it is easier 
and more accurate to make the two .determinations separately. 
Duplicate determinations for both gases independently can be 
made by this method in half an hour. 


Solubility of CO. in Acidified Blood Solutions. 


As the correction for the amount of CO. which remains dis- 
solved in the fluid is considerable we have devoted particular care 


Temperature 


07 08 09 10 LU 2 13 4 
Ce, C0, in solution in Icc. blood mixture at given temperature and 760mm. pressureCO2, 


Vig. 4. Curves expressing solubility of COs. 

The acid-blood mixture of Curves 1, 2, 3, 4, and 7 was made as fol- 
lows: ammonia 1.5 cc., blood 1.0 cc., tartaric acid 0.25 cc. The mixture 
of Curves 5 and 6 was made as follows: ammonia 2.0 cc., blood 1.0 ce., 
tartaric acid 0.5 ce. 

Curves 1 and 2, fresh human blood; Curve 3, fresh cat blood; Curve 4, 
blood of dog anesthetized with chloratone and alcohol; Curve 5, fresh 
pig blood; Curves 6 and 7, human serum. 


to this matter. Various arrangements of apparatus were tried 
but finally one similar to that shown in Fig. 3 (except that the 
rubber tube connecting the diffusion tube and gas burette was 
4 or 5 em. long to allow shaking the tube) proved most con- 
venient, as an entire series for all temperatures could be run 
from a single filling of the tube. 
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The method employed consisted in first filling the diffusion tube 
and burette with pure CO, gas from a Kipp generator. The rub- 
ber stopper was then inserted in the diffusion tube. The tube was 
immersed in water at various temperatures and the volume of gas 
read on the burette. 2 cc. of diluted acidified blood entirely 
freed from CO: were injected through the stopper into the diffusion 
tube. The tube was thoroughly shaken at various temperatures 
and the volume of gas going into solution was read from the 
burette. In the calculation allowance was made for the fact that 
the gas in the burette remained always at room temperature. ‘The 
curves in Fig. 4 give the relative distribution of CO, at tempera- 
tures between 12° and 30°C. in gaseous form and in solution. 
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APPLICATIONS OF GAS ANALYSIS. 


VI. THE RESPIRATORY EXCHANGE AND INDIRECT 
. CALORIMETRY. 


_ By YANDELL HENDERSON. 
(From the Physiological Laboratory, Yale Medical School, New Haven.) 


(Received for publication, October 30, 1917.) 


The analysis of 10 cc. of expired air to determine its percentage 
of oxygen and COz is not appreciably more difficult than the de- 
termination of the nitrogen in 10 cc. of urine by the Kjeldahl 
method. The nitrogen found in the sample multiplied by the 
total volume of the urine from which it was taken gives us the 
nitrogen metabolism of the body. In the same way the oxygen 
(deficit) and the CO, found in the sample of expired air multi- 
plied by the total volume of the air expired in a given time 
afford the oxygen and carbon metabolism, and, by indirect 
calorimetry, the total energy exchange of the body. 

Certainly a knowledge of the oxygen, carbon, and energy ex- 
changes is quite as important in a wide range of problems as is 
the nitrogen exchange. Each should be equally a matter of 
routine in every well equipped biochemical and clinical labora- 
tory. In fact however the means and habit of determining 
nitrogen are universal, while determinations of the respiratory 
exchange are confined to a very few highly specialized laboratories. 

‘The reason for this anomaly lies in the fact that it is generally 
‘assumed that the elaborate and expensive apparatus of the 
“closed circuit’? method used by Benedict, Lusk, and their col- 
laborators is necessary. This is far from the truth. In fact, ina 
thorough comparative study and critique of all available methods 
Carpenter (1), although he does not say so explicitly, has shown 
implicitly that the (Tissot) “open circuit’ method of collecting 
the expired air in a graduated spirometer and analyzing a sample 
is equal in accuracy and superior in simplicity to the closed circuit 
method. r 
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Apparatus for gas analysis has been discussed in the fourth 
paper of this series. In addition td a gas analyzer one needs a 
large graduated spirometer, a flexible tube, nose clip, and a 
mouthpiece with inspiratory and expiratory valves. 


The spirometer shown in Fig. 1 is a simple form which has proved 
easily constructed and sufficiently accurate in use in this laboratory. 
The lower container consists of a common galvanized iron ash can. The 
tube is iron pipe (bore 1 inch) with a brass cock such as is used on steam- 
pipes. A round hole (2 inch) is bored in the side so that it serves as a 
3-way cock. A disk of galvanized iron is fastened near the top of the 
pipe and lies just below the surface of the water with which the can is 
filed. This prevents the diffusion of any considerable amount of CO, 
into the water. The bell or floating container is made of tin. It should 
be as nearly as possible of exactly the same diameter everywhere (this 
requirement is easily met by any competent tinsmith). The cord to the 
_ counterpoise weight runs over window sash pulleys. The rise of the bell 
of the gasometer is measured by a self-winding steel mm. tape measure 
of which the case is fastened to the cross bar of the wooden frame. The 
volume of the bell per mm. rise is merely its diameter multiplied by mr?. 
The error which would occur if the dead space of the apparatus were filled 
with fresh air is eliminated by running a fore period in each experiment 
during which the gasometer is partly filled with expired air. Just before 
the period of the observation it is emptied through the side hole in the 
brass cock, thus leaving the dead space of the apparatus (tube and top of 
bell) filled with expired air. 

To connect the mouthpiece and the spirometer the best tubing is the 
corrugated rubber used in mine rescue apparatus, but this is expensive 
and a very satisfactory substitute is afforded by a piece of vacuum cleaner 
tubing, which can be ordered in the proper length (2 or 3 feet) with heavy 
rubber nipples at the ends, from any vacuum cleaner shop. The standard 
rubber and metal mouthpiece has mica disk inspiratory and expiratory 
valves attached to it.} 


A form of valve which has proved convenient has recently been 
devised at the University of Minnesota by Professors A. D. Hirsch- 
felder and E. D. Brown. By their kind permission a diagram 
of two of these valves arranged for inspiration and expiration on 
a T-tube is shown in Fig. 2. Each valve is made of a large tin 


1 These valves on a metal mouthpiece, the rubber mouthpiece and cor- 
rugated tube and nose clip, as well as the Douglas bag with a large alu- 
minum 3-way cock and other similar equipment are obtainable from 
H. N. Elmer, 1140 Monadnock Building, Chicago, the agent for Siebe, 
Gorman & Company of London. 
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salve box with a disk of sheet rubber inside, held in place by a 
ring of spring wire soldered to the box at one point. The crack 
round the box is made tight with adhesive plaster. In the 
figure the cover of one valve is removed to show the rubber and 
wire. 

A double valve (inspiratory and expiratory) which also has been 
used in this laboratory is shown in Fig. 3. It is made of two 
pieces of brass tubing (13 and 1 inch interior diameter respec- | 
tively) arranged concentrically. The moving part of each valve 
is a strip of heavy sheet rubber inside the tube covering holes 
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bored through the tubing and held in place by a metal clip near 
the middle of the strip. The lower ends of the tubes are closed 
with paraffined corks. 

Perhaps no better idea can be given of the extensive use which 
can be made of the open circuit method combined with gas 
analysis than by reproducing here the directions given to the stu- 
dents in the routine course of physiology in this laboratory. These 
directions are typewritten together with the tables mentioned and 
are pasted upon pieces of compo board so that they can be con- 
veniently carried about to the points where work is being done. 
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For the experiments in which the subject remains in one place 
the spirometer is used; for those in which he walks about the 
Douglas bag (2) is employed. The three tables referred to are 
as follows. 

Table I.—¥For reduction to dry air at 0° and 760 mm. of mer- 
cury of 100 volumes of air saturated with moisture at different 
temperatures and pressures. ‘This is reproduced from page 55 
of Haldane’s Methods of Air Analysis (8). 

Table IJ.—¥or transforming apparent into true respiratory 
quotients. This is reproduced from page 57 of MHaldane’s 
Methods of Air Analysis. (The table includes one error; in the 
column of true respiratory quotients, 1.031 should be 1.131.) 

Table III.—For the heat value of 1 liter of oxygen consumed 
in the body at various respiratory quotients. This is taken from 
page 357 of Volume xii of this Journal (4). 

The directions are as follows. 
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Calculation of Results of Experiments on Respiratory Exchange 
with Spirometer, Douglas Bag, and Small Animal 
Respiration Apparatus. 


Analyze sample of air from the spirometer or bag for percentage of 
oxygen and CO2. The volume of the gasometer is obtained by knowing the 
diameter of the bell, calculating its cross-section in sq. cm. by zr’, and 
reading the distance the bell has risen on the self-winding steel tape meas- 
ure fastened at the top of the bell. If the bag is used, measure contents 
of bag by passing the air through a gas meter and note temperature in the 
meter. Read barometer. By means of Table I reduce the volume of air 
expired in 1 minute to standard pressure and pan get Na (O°C. and 760 
mm.). 

From the CO, percentage subtract the CO: of the inspired air (0.03), 
and multiply by the (reduced) volume of air expired in 1 minute. This 
gives the CO, production per minute. 

‘The volume of oxygen absorbed is less easy to calculate however, as 
the volume of dry air has diminished in the process of respiration because 
more oxygen has been taken up than carbon dioxide has been given off. 
Since nitrogen is neither taken up nor given off in respiration, it is evident 
that for every 100 volumes of expired air there corresponded in the inspired 
air, not 20.93 volumes of oxygen, but ane se or 0.2648, multiplied by the 
percentage of nitrogen in the expired air. By subtracting from the oxygen 
figure so obtained the oxygen percentage found by analysis, the true per 
cent of oxygen consumed is found. Multiplying the volume of air expired 
per minute by this percentage gives the oxygen really consumed, and 
dividing the CO, produced by the oxygen consumed gives the respiratory 
quotient”’ (Haldane, 3). 

Instead of making this Mleulariar the results may be obtained by 
means of Table II. By this table the apparent respiratory quotients [CO, 
per cent found by analysis divided by (20.93 minus oxygen found by analy- 
sis)] can be transformed into true quotients, and the correct intake of 
oxygen obtained by dividing the output of carbon dioxide by the true 
respiratory quotient. 

From Table III for indirect calorimetry the amount of energy produced 
and the character and amounts of the substances oxidized in the body are 
obtained by taking the figure corresponding to the respiratory quotient 
and multiplying it by the oxygen consumption. 

To calculate the respiratory dead space (5) get the tidal volume (?.e., 
total expired air divided by number of breaths) and multiply by 

COs: per cent in mixed expired air 
1:00 — 
CO: per cent in alveolar air 

The dead space for oxygen is obtained similarly. The oxygen pulse (6) 
is the oxygen consumed per minute divided by the pulse rate. 

The external work on the stationary bicycle (7) equals the product of 
the resistance in kilos by the circumference of the wheel in meters by the 
number of revolutions per minute. 
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The object of this papér (the last of the series) has been to 
make more easily available facts and methods already known. 
The object of the entire series has been to emphasize the wide 
range of methods and problems for which gas analysis is a 
master key. 


The expenses of all the investigations of this series of papers 
have been defrayed by the Loomis Medical Research Fund. 
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A STUDY OF THE DIETARY ESSENTIAL, WATER-SOLU- 
BLE B, IN RELATION TO ITS SOLUBILITY 
AND STABILITY TOWARDS REAGENTS. 


By E. V. McCOLLUM anp N. SIMMONDS. 


(From the Laboratory of Agricultural Chemistry of the University of Wis- 
consin, Madison.) 


(Received for publication, November 12, 1917.) 


Since the discovery by Eijkman (1) of a means of producing 
an experimental polyneuritis in birds by feeding them a diet 
restricted to polished rice, and its relief by feeding rice polishings, 
interest in the problem of the isolation and identification of the 
curative substance has steadily increased (2). Without excep- 
tion the methods which have been adopted for the isolation of 
the physiologically active substance have involved extracting it 
with either water or alcohol and subsequent precipitation with 
phosphotungstie acid, mercuric chloride, or silver nitrate and 
barium hydroxide. The former reagent has been employed ex- 
tensively. The decomposition of the phosphotungstic precipi- 
tate by means of alkali such as barium hydroxide has been found 
to be attended by great loss of curative properties of the prepa- 
rations. Better success has attended the use of barium acetate 
and of lead acetate for this decomposition (3). 

The various modifications of the methods of separation, which 
were based upon precipitation with reagents, have yielded but 
meager results, and it seemed to us that prospects for success in 
the isolation of this interesting substance must be based upon an 
_ entirely different line of procedure from that employed in the 
past. It was with a view to the development of a new method 
for the separation of the physiologically indispensable substance 
which we term water-soluble B (4), and which we believe to be the 
specific complex, a lack of which causes the development of 
polyneuritis, that the experiments reported in this paper were 
conducted. The plan contemplates a complete study of the 
solubility of the water-soluble B in all organic solvents available. 
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We sought, as suitable material with which to work, a vege- 
table product which, after the removal of fats by ether, gave 
promise of yielding the smallest amount of alcohol-soluble matter, 
The navy bean was selected, but this seed we now feel will not 
prove superior to a number of others which might have been 
employed. The bean is extremely difficult to grind to a fine state 
and after ether has removed everything which it is capable of 
extracting, alcohol still extracts about 4 per cent of the original 
weight of the bean. The bean is, however, very rich in the diet- 
ary B (5), and, as will be shown later, there seems good reason 
to expect that a method can be developed for separating the 
desired substance in a greatly concentrated form. 

The navy beans were ground and dried, then exhausted with 
ether. ‘This solvent does not take up a demonstrable amount of 
the water-soluble B. The ether-extracted material was subse- 
quently extracted as described in the experimental part of this 
paper. Wheat embryo similarly treated was employed in some | 
of the experiments. 

We believe our method which consists of testing preparations 
for the presence of the antineuritic substance, water-soluble B, 
by relieving the polyneuritic condition and inducing subsequent 
growth in a mammal, to be greatly superior to the conventional 
method of ‘curing’? pigeons which have been fed an exclusive 
diet of polished rice until they develop the disease. Polished rice 
is very deficient from the dietary standpoint in certain mineral 
salts, the fat-soluble A, and protein. in addition to the specific 
substance water-soluble B, the lack of which leads to the devel- 
opment of polyneuritis (6). Recovery cannot be permanent on 
such a diet, and the observation of the ‘‘curative”’ effects of the 
administered substances is necessarily limited to a brief period. 

We decided to adopt the rat instead of the pigeon as an ex- 
perimental animal, because of the fact that the element of growth 
can be included in the observations. Where growth takes place 
and is sustained, there can be no possible doubt that we are sup- 
plying a chemical complex which is necessary as a food rather 
than a complex which produces its effects through pharmaco- — 
logical action. In the work with pigeons, previously reported 
(4), we had ample experience to convince us of the prompt re- 
covery of birds from the polyneuritic state when given various 
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preparations. Careful reading of the literature relating to 
studies on polyneuritis in birds revealed so many confusing state- 
ments that we decided to attempt to perfect the technique for 
employing the rat for such studies. We feel convinced that a 
satisfactory procedure has been developed. 

Funk (7) says that when the curative fraction obtained from 
either dry yeast or rice polishings was administered orally or 
subcutaneously to beri-beri pigeons, “the animals recovered very 
speedily, often in 2-3 hrs., but it was found impossible to keep 
them permanently on polished rice even when injections were 
repeated every few days.” 

Williams (8) has pointed out, and our experience. harmonizes 
with his, that pigeons restricted to a diet of polished rice do not 
all run the same course. Many never develop acute polyneuritis, 
but waste away and die of starvation. Such birds are of no value 
in experimental work. Some, he states, recover temporarily 
from an acute attack without any treatment. 

Eijkman (9) injected doses of 20 to 40 mg. of a mixture of one 
part NaCl and three parts KCl into chickens and pigeons and 
observed cures in pigeons but not in chickens. These results 
seem to justify the belief that temporary relief from paresis is less 
satisfactory as a test for the physiologically indispensable sub- 
stance water-soluble B than is our method in which the diet is 
_ properly planned so as to be satisfactory for growth except for the 
absence of the one unidentified substance. With our diet re- 
sumption of growth actually takes eet on the addition of the 
water-soluble B to the diet. 

Antineuritic properties have been attributed to nicotinic acid 
(10) and to adenine (11), betaine, allantoin, and certain pyrimi- 
dines (12), and Williams has observed curative action in a certain 
isomer of a-hydroxypyridine (8). He has attempted to account 
for all of these observations by assuming that the needs of the 
animal are for a specific type of labile isomerism rather than a 
specific chemical complex as in the case of certain amino-acids in 
their relation to protein metabolism. That this explanation 
should be the correct one we believe improbable. The anti- 
neuritic substance employed by Williams was relatively labile, 
and passed easily into a form which possessed no curative prop- 
erties. In the natural foods the evidence available from well 
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controlled experiments all indicates that the dietary essential 
termed by us the water-soluble B is not readily destroyed by 
aging, exposure to the atmosphere, or by heat at 100—112°C. (5) 
in neutral reaction. The experience of all investigators who have 
employed precipitation methods for the concentration of this 
substance indicates that it is very stable in dilute acid solu- 
tions. Indeed the statement has been made by Vedder and 
Williams (18) and by Funk that hydrolyzed preparations were 
more active than before hydrolysis. 

It is possible to suggest an alternative explanation for Wil- 
liams’ hypothesis which will account for the occasional relief of 
polyneuritic pigeons by such a list of unrelated substances as 
nicotinic acid, certain pyrimidines, certain purines, and certain 
hydroxypyridines. The following explanation, while purely specu- 
lative, may possibly account for the recorded observations and 
assist in clarifying the confusing data relating to this subject. 

Histological methods have shown that in polyneuritic animals 
there is a degeneration of the motor cells of the cord. This change 
is progressive; some cells present the normal appearance while . 
others in the same field are degenerated. It would appear plau- 
sible that when the motor cell changes have reached a certain 
point loss of function supervenes and paralysis results. There 
still remain in the cord of a paralyzed animal motor cells which 
appear normal when stained and which may be capable of re- 
storing the motor functions of the muscles when influenced by 
substances which stimulate them to heightened sensitiveness. 
In other words, the temporary relief of polyneuritis may be the 
result of the pharmacological action of certain substances rather 
than a response with renewed function of cells which have been 
subjected to a selective fast and later have been supplied with the 
“missing food complex. If this line of reasoning could be shown 
to be valid, it would follow that experiments with pure chemical 
substances of known constitution, with a view to finding by good 
fortune the one playing an important physiological réle, might 
be entirely misleading unless 7t were shown that the ‘‘cure’ was 
permanent. For such complete proof it is necessary to demon- 
strate the resumption of growth and maintenance of health as 
long as the substance is supplied in the food mixture. Animals 
which have been brought into a critical condition where death is 
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certain within 24 hours, and which have been permanently cured 
‘on the addition to the food mixture of a very smal] amount of a 
preparation obtained in efforts to isolate the unidentified food 
factor, furnish absolute proof that the physiologically active 
dietary factor is being dealt with. Sustained normal function is 
indispensable to adequate proof that the dietary essential in 
question is being administered. If this condition should be in- 
sisted upon by investigators before concluding that a test is 
positive, it is probable that we should not have such a list of 
totally unrelated chemical substances reported as_ protective 
against polyneuritis. | 


Method of Experimentation. 


When young rats are placed upon a diet which is satisfactory 
in every respect except for the absence of either of the dietary 
factors, fat-soluble A or water-soluble B, a considerable gain in 
weight may take place during the first 8 weeks. This does not 
always happen, but with vigorous rats it is of frequent occur- 
rence. After the 2nd or 38rd week, on the experimental diet, 
there is no further increase in weight and either a brief period of 
maintenance is followed by rapid decline or steady loss of weight 
begins and death follows after a variable period, unless the miss- 
ing dietary essential is supplied. Loss of hair and feebleness are 
seen with either type of deficient diet. 

When the diet is lacking in the water-soluble B, but is properly 
constituted in other respects, typical polyneuritis results in many 
of the experimental animals. Funk (7) holds the view that 
beri-beri has not been produced in animals other than man and 
birds, and he believes that only those species whose end-product 
of purine metabolism is uric acid can develop the disease. The 
rat in common with other mammals with the exception of man, 
the higher apes, and the curious exception of the Dalmatian 
)dog recently observed by Benedict (14), excretes allantoin, and 
according to Funk’s classification should not suffer from this 
disease. In our experience rats restricted to a diet which is in 
every way adequate except for the absence of the antineuritic 
substance, water-soluble B, suffer decline in weight and loss of 
muscular control, especially in the hind limbs, and die within a 
few hours unless the necessary complex is supplied. Histological 
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studies have shown that there is degeneration of the motor cells 
of the cord in animals restricted to such a diet. We see, there- 
fore, reason to believe that our animals in the experiments de- 
scribed are actually in the polyneuritic state. When kept upon a 
diet of polished rice, young rats do not live long enough to become 
paralyzed owing to the deficiency of poiished rice in respect to 
protein, inorganic elements, and both the A and B (6). Rats 
suffering from polyneuritis are promptly relieved by the adminis- 
tration of the water-soluble unknown. When young rats are fed 
the diet of purified foodstuffs, plus butter fat, as employed in 
this work, polyneuritis occurs ordinarily between the 30th to 
the 40th day. 

Animals given a diet which is properly constituted iba that 
it is lacking in the fat-soluble A, may increase in weight during 
the first 2 weeks, then they gradually lose weight, become emaci- 
ated, and suffer from edema of the eyelids (15). We have re- 
cently (16) described this condition as xerophthalmia and believe 
it is due to this specific dietary deficiency. There is no loss of 
motor function in these animals. Their eyes are very much irri- 
tated and they scratch them and thereby cause mechanical in- 
jury. Recovery is prompt when the missing dietary factor is 
supplied, otherwise permanent blindness ensues and death super- 
venes, usually within 3 months. 

Since we have no chemical methods for the detection of either of 
these two unidentified dietary essentials we must employ biologi- 
cal tests as a guide to their isolation. The period required in 
order to make the test complete must extend over several weeks 
because of the ability of the more vigorous animals to grow to a 
slight extent during the first 2 or 3 weeks, even when the sub- 
stance to be tested for is absent from the diet. Preparations 
made with a view to separating the factor B in a pure form fre- 
‘quently led, if fed from the beginning of the experiment, to long 
maintenance and confusing data. This is due, on the one hand, 
to the difficulty, if not impossibility, of making complete ex- 
tractions, so that the residues still contain traces of the factor B, 
and, on the other hand, to the fact that in all probability solvents 
in which this substance is regarded as insoluble remove small 
amounts when the extractions are greatly prolonged. Such resid- 
ual amounts may well be wholly inadequate to cause recovery of 
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an animal in a serious pathological state, but, when furnished 
from the beginning of the feeding experiment, may extend the 
period of growth or maintenance and delay the appearance of 
signs of failure. 

In conducting the work reported in this paper, we followed the 
plan of feeding a diet of purified food substances together with 5 
per cent of butter fat to supply an abundance of the fat-soluble 
A. This diet was complete except that it was free from the water- 
soluble B. The rats were confined to this food mixture until 
they either had become stationary in weight or were declining. 
By the 5th week nearly all were either stationary in weight or 
were failing and they almost invariably showed signs of paralysis 
at about this time. When the rats were thus prepared, the 
material to be tested for the water-soluble B was put into the 
diet. The animals then either continued to decline or responded 
with growth. This method served to show within 2 weeks 
whether the substance B in significant amount was in the prepa- 
ration under investigation. This procedyre makes the test de- 
cisive. It also greatly shortens the time required to make the 
test. 

The scheme of applying successively to raw navy beans the 
solvents ether, benzene, and 95 per cent alcohol, in the order 
named, and of feeding in separate experiments the extract and 
residue in the case of benzene and alcohol showed that benzene 
does not remove the water-soluble B from ether-extracted beans 
while hot alcohol does. The extraction with hot alcohol is 
not complete in a Soxhlet apparatus in 18 hours. 

A surprising result was observed when the material which was 
dissolved from beans by hot alcohol was deposited on dextrin and 
the latter then extracted with hot benzene. The benzene-soluble 
material obtained by this procedure was very effective in inducing 
growth and in causing the prompt recovery of rats in the poly- 
neuritic state. A benzene extract prepared directly from ether- 
extracted beans, however, does not contain an appreciable amount 
of the substance B. Benzene, therefore, does not remove the 
water-soluble B from beans directly, but once this substance is 
extracted by alcohol it is soluble in benzene. 

Acetone does not extract the water-soluble B when the solvent 
is applied directly to the ether-extracted beans, and extracts only 
traces when applied to the alcohol-soluble matter from beans. 
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It is, therefore, possible to exhaust beans successively with ether, 
benzene, and acetone, and then to extract the physiologically 
active substance with alcohol. If the alcohol is then evaporated 
upon some substance, as dextrin, to distribute the alcohol-soluble 
material over a large surface, the desired substance can then be 
extracted with benzene (17). It is obvious that by this procedure 
and with the introduction of still other solvents the substances 
which accompany the physiologically active compound can in 
great measure be eliminated. By the introduction of precipita- 
tion methods at that poimt where interfering substances have 
been eliminated as far as possible, the chances of success in the 
preparation of a pure product or the preparation of derivatives, 
and with a minimum of Joss in manipulation, are much greater, 
we believe, than in the methods of procedure hitherto employed 
by others. 

In the experimental part of this paper it is shown that the 
water-soluble B is not extracted directly from beans, wheat germ, 
or pig kidney by ether, benzene, or acetone, but is readily ex- 
tracted in great part by alcohol. After being removed by alcohol 
it is shown to be soluble in benzene, but very slightly soluble in 
acetone. The probability that there should be two or more 
physiologically indispensable substances in what we term water- 
soluble B, both or all of which should show the same solubility 
relations with three solvents, is relatively small and lends sup- 
port to our view that the substance which protects animals 
against polyneuritis is the only essential complex in the extracts 
described. In other words, the data support the view that there 
are no specific substances present in these extracts which pro- 
tect against such diseases as scurvy, rickets, pellagra, sprue, etc., 
and tend to confirm our contention that the latter are not due to 
specific starvation as is the case with beri-beri and xerophthal- 
mia (16). 

In interpreting the charts it should be remembered that at the 
point marking the beginning of the second period the animals 
were at or near the point of showing loss of muscular control, 
and that response with even a slow rate of growth on the ad- 
dition of a preparation is conclusive evidence of the presence of 
the physiologically active substance, water-soluble B.! 


~ 1 Credit is due to Mr. H. Steenbock for the preparation of the extracts 
employed in this work. j 
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In the following charts, the diet in Period 1 consisted of purified 
foodstuffs plus 5 per cent of butter fat. 
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Chart 1.2 Lots 958 A, 952 A, and 952 B. 


Pe ‘ 

Lot 953 A. Period 1.—Ration: Purified food mixture plus 5 per cent of 
butter fat. 

Period 2.—Ration: Same as Period 1 plus the benzene extract of ether- 
extracted raw navy beans equivalent to 30 gm. of beans per 100 gm. of 
ration. 

Period 3.—Ration: Same as Period 1 plus the benzene extract of the 
alcohol-soluble part of ether-éxtracted raw beans, equivalent to 30 gm. 
of beans per 100 gm. of ration; 7.e., alcohol-soluble,? benzene-soluble part 
of the bean. 


This experiment shows that the water-soluble B is extracted 
from raw beans by hot alcohol, but not by ether or warm ben- 
zene. After the substance has been extracted from beans by 
means of alcohol, it is, however, soluble in benzene (see Chart 
2, Lot 953 B, Period 4). 


The curves presented in this and the following charts are actual 
records of animals, and are representative of a group usually of four in- 
dividuals. For economy of space a single record is shown. The broken 
curves marked N represent the normal expectation of growth. 

3 Only 95 per cent ‘alcohol was employed in making the alcoholic ex- 
tracts used in these experiments. 
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Lot 952 A. Period 1.—Ration: Purified food mixture plus 5 per cent of 
butter fat. 

Period 2.—Ration: Same as Period 1 plus the alcohol- sane portion of 

-ether-extracted raw navy beans evaporated on dextrin and extracted with 
acetone; 7.e., alcohol-soluble, acetone-insoluble part of beans. The ration 
contained the equivalent of 30 per cent of beans. 

Period 3.—Ration: Same as Period 2 but with the alcohol-soluble, 
acetone-insoluble part of the raw beans heated 40 minutes at 15 pounds’ 
pressure in an autoclave. 

Period 4.—Ration: Same as Period 1 plus the acetone extract of the 
alcoholic extract of ether-extracted raw beans, plus the acetone-insol- 
uble residue, 7.e., the equivalent of the total alcoholic extract, after being 
heated with acetone. The ration contained the equivalent of 30 per cent 
of beans (see preparation 951 B, under Chart 3). 


In Chart 4, Lot 951 B, it is shown that growth could not be 
secured with the acetone-soluble part of the alcoholic extract of 
30 per cent of raw beans in the diet. Since 10 per cent of beans 
supplies enough of the water-soluble B to induce growth (Chart 
10, Lot 933) and neither the acetone extract or residue from the 
alcoholic extract cf 30 per cent of beans in Lot 952 A, Chart 1 
and Lot 951 B, Chart 4, induced growth, it seems certain that 
there is a slow destruction of the physiologically active substance 
in hot acetone. 


Lot 952 B. Period 1.—Ration: Purified food mixture plus 5 per cent of 
butter fat. 

Period 2.—Ration: Same as Period 1 plus 25 per cent of raw beans 
extracted with ether, then with benzene. 

Period 3.—Ration: Same as Period 2, but with the beans moistened 
with distilled water and heated at 15 pounds’ pressure for 40 minutes in 
an autoclave. 


Neither ether nor benzene removes the water-soluble B from 
beans. In the second period the rats apparently did not grow 
because of failure to eat the ration containing raw beans. After 
heating the bean residue with water and thus making it more 
palatable, growth at once took place, which shows that the 
factor B was still in the residue. 

Preparation of Extract and Residue Used with Lots 953 A and 
952 B.—1,000 gm. “of finely ground raw navy beans were ex- 
tracted sangre for 25 hours with alcohol-free ether. The 
residue was then extracted with benzene in three successive 6 
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hour periods using fresh solvent each time to reduce the amount 
of exposure to heat. 1.635 gm. of material were extracted in the 
first two 6 hour periods and 0.222 gm. was extracted in the last. 
They were made up to 100 gm. with dried dextrin. The residue 
was freed from benzene and later heated in the autoclave. The 
benzene-soluble part was employed in the ration of Lot 953 A, 
Period 2. The benzene-insoluble part was used with Lot 952 B, 
Period 2, and, after heating, in Period 3. For the alcohol-soluble, 
acetone-insoluble fraction, employed in Chart 1, Lot 952 A, 
Period 2, see under 951 A, Chart 3. , 

Preparation of the Extract and Residue Employed with Lots 
953 A, Period 3, and 953 B, Period 2.—1,000 gm. of finely ground 
raw navy beans were extracted for 25 hours with alcohol-free 
ether. 13.33 gm. of material were thus removed. The extracted 
residue freed from ether was then extracted with 95 per cent 
alcohol in three successive 6 hour periods. After distilling off the 
alcohol 30.45 gm. of extractives were left from the first two 6 
hour periods and 9.7 gm. from the last. They were united in 
alcohol-water solution and evaporated on dextrin. Final weight 
of dry material, 165.1 gm. 

The dextrin which carried the alcoholic extracts was trans- 
ferred to a small Soxhlet apparatus and extracted with benzene 
successively in a 6, 62, and an 8 hour period. The extract from 
the first two periods weighed 25.39 gm., from the last period 0.61 
gm. They were united, dried at 37°C., and ground up without 
evaporating on dextrin. This was fed to Lot 953 A, Period 3, 
Chart 1, and to Lot 953.B, Period 4, Chart 2. 

The residue from the benzene extraction (alcohol-soluble, ben- 
zene-insoluble material) was made up to 200 gm. with dextrin. 
This preparation was fed to Lot 953 B, Period 2, Chart 2. It 
was later moistened with distilled water and heated 40 minutes 
in an autoclave at 15 pounds’ pressure. 


Chart 2. Lots 953 B, 994 A, and 994 B. 


Lot 953 B. Period 1.—Ration: Purified food mixture plus 5 per cent of 
butter fat. ° 

Period 2.—Ration: Same as Period 1 plus the portion of raw beans, 
soluble in alcohol but insoluble in benzene, equivalent to 30 per cent of 


beans. 
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Period 3.—Ration: Same as Period 2 but with alcohol-soluble, benzene- 
insoluble residue of raw beans heated 40 minutes in an autoclave at 15 
pounds’ pressure. 

Period 4.—Ration: Same as Period 3 but with the benzene-soluble por- 
tion of the alcohol-soluble part of the beans included; 7.e., the total alco- 
holic extract of beans after treatment with benzene (used extract equiva- 
lent to 30 per cent of beans). 


The alcoholic extract of raw navy beans contains the dietary 
essential water-soluble B. Although benzene does not extract 
this substance from the beans directly (Chart 1, Lot 953 A, 
Period 2; Chart 2, Lot 994 B), once it has been removed from 
the beans by means of hot alcohol, and the alcohol evaporated, 
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benzene dissolves the physiologically active substance fairly 
readily (Chart iyo Vbtahe 953 A, Period 3; Chart 2, Lot 953 B, 
Period 4). 


Lot 994 A. Period 1,—Ration: Purified food mixture plus 5 per cent of 
butter fat. 

Period 2.—Ration: Same as Period 1 but with the benzene extract of 
ether-extracted cooked navy beans, equivalent to 30 per cent of beans in 
the diet. 


Benzene does not take out the water-soluble B from the beans 
directly (Chart 1,.Lot 953 A, Period 2). It must be first re- 
moved by hot alcohol, after which it is fairly soluble in hot ben- 
zene (compare Chart 1, Lot 953 A, Periods 2 and 3, and Chart 2, 
Lot§.953 B, Period 4). Lot 994B, Period 2, shows that the 
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factor B is still in the residue of the cooked beans after extraction 
with ether and then with benzene. 


Lot 994 B.. Period 1.—Ration: Purified food mixture plus 5 per cent o 
butter fat. 

Period 2.—Ration: Same as Period 1 but with 25 per cent of navy beans 
(cooked) extracted with both ether and benzene. 


This experiment shows that in Chart 2, Lot 994 A, Period 2, 
benzene failed to take out the water-soluble B from cooked beans, 
although the substance was still present after the thorough 
cooking. Lot 994 B shows that the residue of beans after extrac- 
tion with ether and then with benzene still contains the unknown 
B. As we pointed out under Chart 1, Lot 953 A, Period 3, the 
substance is soluble in benzene after first being removed by 
alcohol. 

Preparation of Extract and Residue Used with Lots 994 A and 
994 B.—1,161 gm. of cooked navy beans were extracted with 
alcohol-free ether for 18 hours. The residue was’ then extracted 
with benzene in three consecutive 6 hour periods. ‘The first two 
6 hour periods gave 5.36 gm. of extract, the last period gave 
0.904 gm. of extract. The extracts were taken up. in benzene, 
in which they readily redissolved, and then were evaporated on 
dextrin and made up to 77.4 gm. The extract (benzene-soluble 
material) was fed in the ration of Lot 994A, Period 2. The 
residue (benzene-insoluble) was fed in the ration of Lot 994 B, 
Period 2. 


Chart 8. Lots 954 A, 954 B, and 951 A. 


Lot 954 A. Period 1.—Ration: Purified food mixture plus 5 per cent of 
butter fat. 

Period 2.—Ration: Same as Period 1 plus 25 per cent of the residue of 
raw navy beans after extraction with ether and then with acetone. 

Period 3.—Ration: Same as Period 2 but with the bean residue moist- 
ened with distilled water and heated 40 minutes in an autoclave at15 
pounds’ pressure. 


Neither ether nor acetone removes the water-soluble B from 
raw beans (Chart 3, Lot 954 B, Period 2). There was no growth 
in Period 2 of Lot 954 A in which ether- and acetone-extracted 
raw beans were added to the diet, but this we attribute to failure 
of food consumption because in Period 3, after cooking the bean 
residue, which made it more palatable, rapid growth took place. 
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Lot 954 B. Period 1.—Ration: Purified food mixture plus 5 per cent of 
butter fat. 

Period 2.—Ration: Same as Period 1 with an acetone extract of ether- 
extracted raw navy beans equivalent to 30 per cent of beans in the diet. 


Acetone does not readily extract the water-soluble B from raw 
beans (see Chart 4, Lot 1,001 B, Period 2). The acetone-soluble 
part of the bean does not induce appreciable growth, but the ace- 
tone-insoluble cooked residue does (Chart 3, Lot 954 A, Period 3). 


Lot 951 A. Period 1.—Ration: Purified food mixture plus 5 per cent of 
butter fat. 

Period 2.—Ration: Same as Period 1 but with 25 per cent of the residue 
of raw navy beans after extraction with ether, then with alcohol. 
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Period 3.—Ration: Same as Period 2, but with the bean residue moist- 
ened with distilled water and heated in an autoclave 40 minutes at 15 
pounds’ pressure. 


( This experiment shows that the method of alcoholic extraction 
employed did not remove all of the water-soluble B from the 
beans. ‘The residue was still potent in promoting growth. 
Preparation of Extract and Residue Used with Lots 954 A; 
Period 2, and 954B, Period 2.—1,000 gm. of finely ground raw 
navy beans were extracted continuously with alcohol- free ether 
for 241 hours: 13.19 gm. of material were.extracted. The residue 
was freed from ether at room temperature and extracted with 
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acetone in three consecutive 6 hour periods changing the flask 
containing the extract each time. On distilling off the acetone, 
3.77 gm. were found to have been removed by extraction in the 
first two 6 hour periods and 0.75 gm. in the last. They were 
taken up in a small amount of ether and evaporated on dextrin 
— (95.5 gm:) giving a final weight of 100 gm. This extract was fed 
in the ration of Lot 954 .B, Period 2. The residue (that which 
was Insoluble in acetone) was later heated and fed in the ration of 
Lot 954 A, Periods 2 and 3. 

Preparation of Extract and Residue Used in Chart 1, Lot 952 A, 
Period 2, Chari 3, Lot 951 A, Period 2, and Chart 4, Lot 951 B, 
Period 2.—1,000 gm. of finely ground raw navy beans were ex- 
tracted with alcohol-free ether for 25 hours. Upon evaporating 
off the ether, 13.30 gm. of material were found to have been 
removed by ie extraction. 

The residue from the above extraction was fap from ether at 
room temperature and then extracted with 95 per cent alcohol in 
three consecutive 6 hour periods, using fresh or recovered sol- 
vent each time in order to minimize the possible destructive ac- 
tion of heat on the extract. 25.5 gm. of material were left as the 
extract of the first two 6 hour periods after distilling off the alco- 
hol and 7.85 gm. from the last 6 hour period. These extracts 
were taken up in a little water and alcohol and then evaporated 
on dextrin and dried at 90—95° for a few hours. The dry weight 
was 128.35 gm. The residue from the extraction was freed from 
alcohol by heating at 90° for 3 hours. Later part of this residue 
was soaked in water and heated in the autoclave at 15 pounds’ 
pressure for 40 minutes. This preparation (alcohol-insoluble) was 
fed to Lot 951 A,,Chart 3, Period 2. 

The 128.35 gm. of dried dextrin residue carrying the aleoholic 
extract from 1,000 gm. of raw navy beans was next extracted with 
acetone ina Seal Soxhlet apparatus, again in three consecutive 6 
hour periods. After removing the acetone with minimum heat 
exposure, 7.96 gm. of extract were left from the first two 6 hour 
periods and 0.81 gm. from the last 6 hour period. ‘They were 
taken up in alcohol, evaporated on dextrin. and made up to 100 
gem. This mixture was fed to Lot 951 B, Chart 4, Period 2. The 
residue from the acetone extraction was freed from acetone and ~ 
made up to 125 gm. with dextrin. It was employed in the 
ration of Lot 952 A, Chart 1, Period 2. 
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Chart 4. Lots 951 B, 1,001 A, and 1,001 B. 


Lot 951 B. Period 1.—Ration: Purified food mixture plus 5 per cent of 
butter fat. 

Period 2.—Ration: Same as Period 1, but with the acetone-soluble part 
of the alcohol-soluble part of ether-extracted raw navy beans, equivalent 
to 30 per cent of beans in the diet. 

Period 3.—Ration: Same as Period 2 but with the addition of the ace- 
tone-insoluble part of the alcohol-soluble part of beans, equivalent to 30 
per cent of beans; 7.e., the equivalent of the entire alcohol-soluble part 
of the beans, after being heated with acetone. 


This experiment shows that even after extraction with alcohol, 
the water-soluble B is but slightly soluble in acetone. This con- 
clusion is further supported by Chart 4, Lot 1,001 B, Period 2, and 
Chart 5, 1,001 C, Period 2. 
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In Chart 1, Lot 952 A, Period 2, it is shown that no growth 
could be secured with the alcohol-soluble, acetone-insoluble por- 
tion of beans equivalent to 30 per cent of beans in the diet. 
This: suggests that there is a slow destruction of the water-soluble 
B during heating with acetone. 


Lot 1,001 A. Period 1.—Ration: Purified food mixture plus 5 per cent 
of nee fat. 

Period 2.—Ration: Same as Period 1 plus the acetone extract of the 
alcoholic extract and*residue of same, of 10 gm. of ether-extracted cooked 
navy beans; 7.e., the equivalent of the alcoholic extract of navy beans 
after being heated with acetone. 

Lot 1,001 B. Period 1.—Ration: Purified food mixture plus 5 per cent 
of butter fat. 
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Period 2.—Ration: Same as Period 1 plus the acetone-soluble part of 
the alcoholic extract of ether-extracted cooked navy beans equivalent to 
60 gm. of beans. 


This experiment shows that the water-soluble B is slightly 
soluble in acetone but very much less so than in benzene (com- 
pare with Chart 1, Lot 953 A, Period 3, and Chart 5, Lot 1,001 C, 
Period 2). 

Preparation of Extract and Residue Kmployed with Lots 1,001 A, 
1,001 B, and 1,001 C.—935 gm. of cooked navy beans were ex- 
tracted with ether for 18 hours. The residue, freed from ether, 
was then extracted with alcohol for 18 hours in three consecutive 
6 hour periods, changing the flask containing the extract at the 
end of each period. The first 12 hours’ extract evaporated on 
dextrin gave 26.7 gm. of material, the last 6 hours’ gave 7.6 gm. 
The extracts were united and made up to 200 gm. with dextrin. 

100 gm. of the above preparation equivalent to 467-gm. of — 
beans were extracted with freshly redistilled acetone, as outlined 
above. The first 12 hours’ extraction gave 14.7 gm. of extract, 
the last 6 hours’ 0.5 gm. The extracts were united and made 
up with dextrin to 100 gm. This preparation was employed 
with Lot 1,001 B, Period 2. The residue was likewise made up 
to 100 gm. after the extraction. This preparation was em- 
ployed with Chart 5, Lot 1,001 C, Period 2. Both the ex- 
tract and residue were employed in the ration of Lot 1,001 A, 
Period 2. 


Chart 5. Lots 1,001 C, 836 R, and 836 E. 


Lot 1,001 C. Period 1.—Ration: Purified food mixture plus 5 per cent 
of butter fat. 

Period 2.—Ration: Same as Period 1 but with the residue of the ace- 
tone extract of the alcoholic extract of ether-extracted cooked navy beans 
equivalent to 60 per cent of beans; 7.e., the alcohol-soluble, acetone-in- 
soluble part. 


This experiment shows that in time hot acetone separates a 
part of the water-soluble B from the cooked navy beans (see 
Chart 4, Lot 1,001 B), but leaves the larger part of it in the 
residue. Rats grow on both the acetone extract and its residue 
when the plane of intake is sufficiently raised. 
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Lot 836 R. Period 1.—Ration: Purified food mixture plus 5 per cent of 
butter fat. 

Period 2.—Ration: Same as Period 1 plus 3 per cent of the residue after 
ether and acetone extraction of wheat embryo. 


This experiment shows that acetone does not take out to any 
appreciable extent the water-soluble B from ether-extracted 
wheat embryo. Studies with pigeons indicate that traces are 
removed by this solvent, for the acetone extract of wheat embryo 
relieves polyneuritic pigeons (4). 


Lot 836 E. Period 1.—Ration: Purified food mixture plus 5 per cent of 
butter fat. 

Period 2.—Ration: Same as Period 1 but with the acetone extract of 
ether-extracted wheat embryo equivalent to 14.28 per cent of wheat 
embryo in the diet. 


This experiment shows that acetone takes out the water- 
soluble B from wheat embryo to a very slight extent. 

Preparation of the Extract and Residue Employed with Chart 4, 
Lots 836 R and 886 E; Chart 6, Lot 8386 R + E.—500 gm. of wheat 
embryo previously extracted with alcohol-free ether for 18 hours 
were .extracted continuously with hot acetone in a Soxhlet appa- 
ratus for 18 hours. The acetone was distilled off, the residue taken 
up with hot water, and evaporated on 300 gm. of dry dextrin. 
After drying, 3.2 gm. were found to have been removed in the ex- 
traction process. The extract was made up. to 400 gm. with 
dextrin. 


Chart 6. Lots 886 R+E, 789 A, and 791 A. 


Lot 886 R+ EH. Period 1.—Ration: Purified food mixture plus 5 per 
cent of butter fat. 

Period 2.—Ration: Same as Period 1 but with the addition of 3 per cent 
of the ether- and acetone-extracted residue plus the acetone extract of 14 
gm. of ether-extracted wheat embryo per 100 gm. of ration. 


This experiment shows that the water-soluble B is not rapidly 
destroyed by prolonged treatment with hot acetone. There was 
no evidence from the appearance or activity that these rats re- 
ceiving both the acetone extract and residue as in 8386 R+ E 
were in better condition than those receiving only the residue, as 
in Chart 5, Lot 886 R. This supports the view that there is 
but a single substance in what we term water-soluble B. 
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Lot 789 A. Period 1.—Ration: Purified food mixture plus 5 per cent of 
butter fat. 

Period 2.—Ration: Same as Period 1 plus 3 per cent of the ether- and 
benzene-extracted residue of wheat embryo. 


This experiment shows that hot benzene does not remove the 
water-soluble B from ether-extracted wheat germ directly. This 
is in agreement with the results obtained with beans (Chart 1, 
Lot 953 A, Period 2, and Chart 2, Lot 994 A, Period 2). 


Lot 791 A. Period 1.—Ration: Purified food mixture plus 5 per cent of 
butter fat. 

Period 2.—Ration: Same as Period 1 plus the benzene extract of 14.28 
per cent of ether-extracted wheat embryo. 

Period 3.—Ration: Same as Period 2 plus 3 per cent of the ether- and 
benzene-extracted residue of wheat embryo. 


Two rats had polyneuritis in Period 2. In Period 3 the ration 
caused prompt recovery. This experiment shows that benzene 
does not remove the water-soluble B directly from wheat em- 
bryo. The residue fed in Period 3 still contained the physio- 
logically active substance. 

Preparation of Extract and Residue Employed with Chart 6, Lots 
789 A and 791 A.—1,000 gm. of wheat embryo which had been 
extracted 18 hours with alcohol-free ether were extracted with hot 
benzene continuously for 18 hours. Most of the benzene was 
then distilled off and the residue which was readily soluble in a 
little benzene was evaporated in a weighed crystallizing dish and 
dried 7m vacuo 24 hours. The weight of the material dissolved by 
benzene was 3.629 gm. This was again taken up in benzene and 
evaporated on dextrin, and made up to 200 gm. with dried dex- 
trin. This preparation was employed in the ration of Lot 791 A, 
Period 2. 

The benzene-insoluble material was used in the rations of Lot 
789 A, Period 2, and also in Lot 791 A, Period 3. 


Chart 7. Lots 955 A, 956 A, and 1,000 A. 


Lot 955 A. Period 1.—Ration: Purified food mixture plus 5 per cent of 
butter fat. 

Period 2.—Ration: Same as Period 1 plus the chloroform extract of 
ether-extracted wheat embryo equivalent to 15 per cent of wheat embryo. 

Lot 956 A. Period 1.—Ration: Purified food mixture plus 5 per cent of 
butter fat. 
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Period 2.—Ration: Same as Period 1 but with the addition of 3 per cent 
of wheat germ which had been extracted with ether and afterwards with 
hot chloroform for 18 hours. 


This experiment shows that neither ether nor hot chloroform 
takes out the water-soluble B from wheat embryo. 


Lot 1,000 A. Period 1.—Ration: Purified food mixture plus 5 per cent 
of butter fat. 

Period 2.—Ration: Same as Period 1 but with the alcoholic extract of 
ether-extracted raw beans equivalent to 10 per cent of beans. 


It has been shown previously that it is very difficult, if at all 
possible, to extract completely the water-soluble B from beans 


200 ‘a 955 A aie 5A LOT 1000 A} 


aaa 
aoe ee et 
Ze 
ee AE 


by means of hot alcohol (Chart 3, Lot 951 A, Period 3). This is 
doubtless due to the great difficulty of grinding beans to an 
impalpable powder. 

Preparation of the Extract and Residue Employed with Chart 7, 
Lots 955 A and 956 A.—589 gm. of wheat embryo previously 
extracted with ether for 18 hours were extracted with chloro- 
form in three consecutive 6 hour periods. 0.838 gm. was 
extracted in the first two 6 hour periods and 0.218 gm. in the last. 
The extracts were taken up in chloroform, evaporated on dex- 
trin, and made up to 58.9 gm. with dried dextrin. All evaporat- 
ing and drying operations were carried out with the least possible 
exposure to heat. The extract (chloroform-soluble material) was 
used in the ration of Lot 955 A. The chloroform-extracted 
residue of wheat embryo was employed in the ration of Lot 956 A. 


| 


78 Water-Soluble B 


Preparation of the Extracts Employed with Chart 7, Lot 1,000 A 
and Chart 8, Lot 1,000 B.* 


extraction with.ether for 18 hours were extracted with hot aleo- — 


hol for 18 hours in 3 consecutive 6 hour periods, changing the 
flasks containing the extracts at the end of each period. ‘The 
first 12 hours’ extraction yielded 45 gm. of extractives, the last 
6 hours’ 10.2 gm. The extracts were evaporated on dextrin, 
united, and made up to 200 gm. with dextrin. This extract was 
used in the ration of Chart 7, Lot 1,000 A, equivalent to 10 per 
cent of beans, and in Chart 8, Lot 1,000 B, seen en to 15 per 
cent of beans. 


Chart 8. Lots 1,000 B, 978 A, and 973 B. 


Lot 1,000 B. Period 1.—Ration: Purified food mixture plus 5 per cent 
of butter fat. 

Period 2.—Ration: Same as Period 1, but with the addition of the hot 
alcoholic extract of 15 gm. of ether-extracted raw navy beans per 100 gm. 
of ration. 


The animals in this lot which received the alcoholic extract of 
15 per cent of raw beans were but little better off than those in 
Chart 7, Lot 1,000 A, which got their supply of the factor B from 
the alcoholic extract of 10 per cent of beans. Incomplete extrac- 
tion appears to be unavoidable when beans are used. 


Lot 973 A. Period 1.—Ration: Purified food mixture plus 5 per cent of 
butter fat. 

Period 2.—Ration: Same as Period 1, but with the residue of the ben- 
zene extract of the alcoholic extract of 30 per cent of ether-extracted, 
cooked navy beans per 100 gm. of ration; 7.e., the alcohol-soluble, benzene- 
insoluble portion was fed. 


At first thought this curve might give the impression that in 
the process of heating with water a progressive destruction of the 
water-soluble B takes place. 25 per cent of navy beans heated 
for 1; hours at 15 pounds’ pressure still induces normal growth 
when combined with a suitable mixture of purified foodstuffs (5) 
plus 5 per cent of butter fat. In Chart 1, Lot 953 A, Period 3, 
it was shown that the benzene extract of the alcoholic extract 
of 30 per cent of ether-extracted raw navy beans sufficed to 
induce good growth. The benzene extract of the alcoholic ex- 
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tract of 30 gm. of ether-extracted heated beans did not in Lot 
973 B suffice to furnish enough of the factor B to induce growth, 
but growth at a moderate rate took place when the equivalent 
of 60 gm. of beans per 100 gm. of ration was included. Chart 
10, Lot 933, shows, however, that even 10 per cent of cooked 
navy beans suffices to induce normal growth during 7 weeks. 
There may be slight destruction of the water-soluble B during 
cooking of beans but destruction proceeds very slowly, if at all. 
The explanation of the failure of the extracts of cooked beans 
to support growth as well as extracts of similar amounts of raw 
beans, lies in the failure of alcohol to extract the water-soluble B 


150{| LOT 3000 & LOT 9 A 
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very. efficiently from cooked beans. This is apparently due to 
change in the physical properties of the bean. 


Lot 973 B. Period 1.—Ration: Purified food mixture plus 5 per cent of 
butter fat. 

Period 2.—Ration: Same as Period 1, but with the benzene extract of 
the alcohol-soluble part of 30 gm. of ether-extracted cooked navy beans 
per 100 gm. of ration; 7.e., the alcohol-soluble, benzene-soluble portion 
was fed. 

Period 3.—Ration: Same as in Period 2, but with the eotract increased 
to the equivalent of 60 per cent of beans. 


This experiment might seem to suggest that there is progressive 
destruction of the factor B on cooking the beans (compare Chart 
1, Lot 953 A, Period 3). The benzene extract of the alcoholic 
extract of 30 gm. of raw beans, prepared in the same manner as 
the extract in this experiment, suffices for the promotion of 
growth. Chart 10, Lots 932 and 933, however, makes it evident 
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that the dietary unknown is not greatly reduced in amount by 
the heat treatment, for 10 per cent of cooked beans still supplies 
enough to support normal growth for 7 weeks. Rats do not eat 
rations which contain appreciable amounts of raw beans, so it is 
not possible to conduct comparable experiments with heated and 
unheated beans. The true explanation of these results is that 
apparently because of physical change in the beans during cook- 
ing alcohol fails to extract the water-soluble B after the heat. 
treatment. 

Preparation of Extracts Employed with Lots 973 A and 978. B.— 
918 gm. of navy beans (cooked) were extracted with ether for 18 
hours and then with alcohol in three consecutive 6 hour periods, 
removing the extract at the end of each period. The first two 
extracts were evaporated on 100 gm. of dextrin and the alcohol 
was removed. There was an increase in weight of 37.1 gm. 
The last 6 hours’ extract was evaporated on 50 gm. of dextrin 
giving 11.1 gm. of extract. The extracts were united and made 
up to 200 gm. with dextrin. 

100 gm. of the above preparation equivalent to 459 gm. of 
beans were extracted with benzene in three consecutive 6 hour 
periods, removing the extract at the end of each period. The 
extracts were evaporated in weighed crystallizing dishes. Weight 
of first extract, 9.80 gm.; second extract, 0.025 gm.; third ex- 
tract, trace. The extracts were taken up in benzene and evap- 
orated on dextrin. Final weight 91.8 gm. The alcohol-soluble, 
benzene-insoluble portion was fed to Lot 973 A. The alcohol- 
soluble, benzene-soluble part was fed to Lot 973 B, first, equiva- 
lent to 30 and later raised to 60 gm. of beans per 100 gm. of 
ration. 


Chart 9. Lots 999 A, 999 B, and 972 B. 


Lot 999 A. Period 1.—Ration: Purified food mixture plus 5 per cent of 
butter fat. 

Period 2.—Ration: Same as Period 1, but with the addition of the alco- 
holic extract of 10 gm. of ether-extracted cooked navy beans per 100 gm. 
of ration. 

Period 3.—Ration: Same as Period 2, but with the extract increased to 
make the equivalent of 30 gm. of cooked beans per 100 gm. of ration. 

Lot 999 B. Period 1.—Ration: Purified food mixture plus 5 per cent of 
butter fat. ! 
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Period 2.—Ration: Same as Period 1 plus the alcoholic extract of 15 
gm. of ether-extracted cooked beans. 

Period 3.—Ration: Same as Period 2, but with the extract increased to 
equal 40 per cent of beans in the food mixture. 

This illustrates the difficulty of complete extraction of the 
dietary factor B from beans by alcohol after cooking. 10 per cent 
of beans furnish enough of this substance for normal growth dur- 
ing 7 weeks, but the alcoholic extraction is so incomplete when 
cooked beans are employed that the extracts used in this experi- 
ment were not hee 
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Lot 972 B. eerad 1.—Ration: Purified food mixture plus 5 per cent of 
butter fat. 

Period 2.—Ration: Same as Period 1, but with the residue of 25 per 
cent of cooked beans, after extraction with ether and then with alcohol. 
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This experiment supports the evidence afforded by Chart 9, 
Lot 999 A and by Lot 999 B, that the failure.of the alcoholic ex- 
tract of cooked beans to induce growth is due to physical changes 
‘in the bean during cooking whereby the water-soluble B is pro- 
tected from contact with the solvent and not because of destruc- 
tion of the physiologically active substance. 

Preparation of the Extract and Residue Employed with the Rations 
of Chart 9, Lots 999 A, 999 B, and 972 B.—1,176 gm. of cooked 
navy beans were extracted with alcohol-free ether for 18 hours 
and then with 95 per cent alcohol in three consecutive 6 hour 
. periods, removing the flask with the extract at the end of each 
period to prevent excessive heating. - The first 12 hours’ extrac- 
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tion removed 28.4 gm. of material, the last 6 hours’ 11.9 gm. 
The extracts were united and made up to 200 gm. with dextrin. 
The alcohol-soluble material was fed to Lots 999 A, Period 2, 
and 999 B, Period 2; the alcohol-insoluble portion of the beans 
was fed to Lot 972 B, Chart 9, Period 2. 


Chart 10. Lots 933 and 982. 


Lot 933.—Ration: Purified food mixture plus 5 per cent of butter fat, 
plus 10 per cent of cooked navy beans as the sole source of the water- 
soluble B. , 

Lot 982.—Same as Lot 933, but with 5 per cent of cooked beans as the 
source of the dietary factor B. 
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These curves obtained with 10 and 5 per cent respectively of 
cooked navy beans point to the great richness of the navy bean 
in ‘the dietary essential water-soluble B. They indicate that 
probably because of a change in the physical properties of the 
beans during cooking, alcohol fails to extract this substance as 
well as it does from raw beans. 

The stability of the dietary factor B when heated with water 
is a matter of great importance in practical dietetics. The sta- 
bility of the factor B to heat makes possible its isolation by 
methods involving a considerable amount of manipulation, 
provided the conditions are kept suitable. 
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The Solubility of the Water-Soluble B as It Exists in Animal 
Tissues. 


In our studies of the fat-soluble A we have repeatedly ob- 
served that, while ether extracts of egg yolk and the ether-soluble 
constituents of milk contain the unidentified A, plant fats, iso- 
lated from the seed by means of ether apparently never contain 
this substance (18). It remains after exhaustive extraction, in 
the fat-free residue of the plant tissue. We have suggested that 
the substance (fat-soluble A) is in chemical union in the plant 
tissues in a form which is not soluble in ether, and that during 
digestion or absorption it is set free and, being readily soluble in 
fats (18), thereafter accompanies the fats in the animal body. 
It seemed desirable to extend our observations on the solubility 
of the water-soluble dietary essential in organic solvents to an 
animal tissue, since one cannot extend with confidence the re- 
sults obtained with plant tissues to tissues of animal origin, 
owing to the possibility that it exists in the animal cell in chemical 
union. Our data on this subject is still meager but that obtained 

with dried, unheated pig kidney will be reported here. 


Chart 11. Lots 962 A, 961 A, 961 B, and 960 B. 


Lot 962 A. Period 1.—Ration: Purified food mixture plus 5 per cent of 
butter fat. 

Period 2.—Ration: Same as Period 1 with the addition of 6 per cent of 
dry, uncooked pig kidney extracted with ether and then with benzene. 


This experiment is in agreement with Lot 961 A, which shows 
that the physiologically active substance is not extracted to an 
appreciable extent from animal tissue (kidney) by ether or 
benzene. ) 


Lot 961 A. Period 1—Ration: Purified food mixture plus 5 per cent of 
butter fat. 

Period 2.—Ration: Same as Period 1, but with the benzene extract of 
ether-extracted pig kidney equivalent to 6 gm. of tissue per 100 gm. of 
ration. 

Period 3.—Ration: Same as Period 1, but with the addition of the ben- 
zene extract of the alcoholic extract of ether-extracted raw navy beans 
equivalent to 30 gm. of beans per 100 gm. of ration (the ration of Chart 1, 
Lot 953 A, Period 3). 

The preparation from beans was introduced in Period 3 to demonstrate 
the capacity of the enimals to grow. 
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Taken in connection with the results obtained in feeding the 
benzene extract of navy beans (Chart 1, Lot 953 A, Period 2), 
this experiment demonstrates the relative insolubility of the 
water-soluble B in hot benzene in animal tissues as well as in 
plant tissues. 


Lot 961 B. Period 1.—Ration: Purified food mixture plus 5 per cent of 
butter fat. 

Period 2.—Ration: Same as Period 1 but with 6 per cent of the residue 
after extraction of dry uncooked pig kidney with ether, then with acetone. 


Dry, uncooked pig kidney behaves toward ether and acetone 
in the same way as do the navy bean and wheat germ, in that the 
water-soluble B is not readily extracted even by prolonged 
treatment with these solvents. 


Lot 960 B. Period 1.—Ration: Purified food mixture plus 5 per cent of 
butter fat. 

Period 2.—Ration: Same as Period 1, but with the addition of the ace- 
tone extract of ether-extracted pig kidney equivalent to 6 gm. per 100 
gm. of ration. 


This experiment shows when considered along with Lot 961 B, 
that acetone does not readily extract the dietary essential, water- 
soluble B, from dried raw pig kidney. That a small amount was 
extracted is indicated by the fact that the animals in this group 
failed to develop the loss of muscular control except in one case, 
and this was at the end of the 7th week after the addition of 
acetone extract of kidney, and at the end of the 11th week of the 
experiment. Animals on the ration of Period 1 never live as 
long as this, which shows that the acetone extract furnished a 
little of the water-soluble B. Lot 961 B (Chart 11) was able to 
make appreciable growth, and although undersized was appar- 
ently normal. After the acetone extraction, the greater part 
of the water-soluble B was still in the residue. 

Preparation of the Extract and Residue Employed in the Ration 
of Lot 961 B and 960 B.—1,935 gm. of fresh pig kidney were 
ground up in a meat chopper and then dried at 95° for 24 hours. 
The weight of the dried kidney was 485 gm. which was equivalent 
to 25 per cent of the original weight of tissue. The dried residue 
was ground, then extracted with ether for 4 hours, and then 
ground up again and the extraction continued for an additional 
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14 hours. 25 per cent of ether-soluble material was thus re- 
moved, leaving 360 gm. of residue. 

112.9 gm. of the above ether-free residue were extracted with 
acetone in three consecutive 6 hour periods, changing the flask 
at the end of each period. The first two 6 hour periods gave 
4.572 gm. of extract, the last 6 hour period 2.26 gm. They were 
taken up in alcohol and evaporated on dextrin at 40°. The final 
weight of extracts on dextrin was 34.4 gm. This extract (ace- 
tone-soluble material) was fed in the ration of Lot 960 B, Period 
2. The residue after extraction (acetone-insoluble material) was 
fed in the ration of Lot 961 B, Period 2. 

Preparation of Extract and Residue Employed with Lots 961 A 
and 962 A_ Respectivelyn—l22 gm. of ether-extracted kidney 
residue obtained as previously described were extracted with 
benzene in three consecutive 6 hour periods changing the flask 
with the extract at the end of each period. 4.10 gm. of extract 
were obtained in the first two 6 hour periods and 0.051 gm. in. 
the last. Both fractions were united, and were then evaporated 
on dextrin yielding 28.15 gm. The benzene-soluble matter was 
fed to Lot 961 A, Period 2; the benzene-insoluble residue was 
fed to Lot 962 A, Period 2. 


The Stability of the Water-Soluble B toward Nitrous Acid, Hydro- 
chloric Acid, and Dilute Sodium Hydroxide. 


The studies of Williams and his coworkers (3) and of Sullivan 
and Voegtlin (3) have indicated that the substance which cures 
polyneuritis in fowls is rapidly destroyed by even moderately 
dilute alkalies, but is relatively stable toward mineral acids. We 
have examined preparations of the water-soluble B prepared from 
wheat embryo by extraction with alcohol after removal of the 
fats by means of ether, for their power to induce growth in rats. 
The preparations, previous to feeding, were treated with one of 
the following reagents: (a) nitrous acid, (6b) hydrochloric acid, 
(c) sodium hydroxide. Our results with alkalies are in agree- 
ment with those of Williams and Sullivan and Voegtlin. 
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Chart 12. Lots 995 A, 996 B, and 972 A. 


Lot 995 A. Period 1.—Ration: Purified food mixture plus 5 per cent of 
butter fat. 

Period 2.—Ration: Same as Period 1 plus a preparation of water-sol- 
uble B treated 4 hours with nitrous acid. An extract equivalent to 3 per 
cent of wheat embryo was fed. 

Period 3.—Ration: Same as Period 2, but with the water- soluble B 
preparation treated with nitrous acid increased to the equivalent of 10 
per cent of wheat embryo. 


It is possible that treatment with nitrous acid tends to de- 
stroy the dietary factor B to a slight extent, but it does so very 
slowly, if at all. The resistance of this substance to nitrous 
acid is a strong indication that it is neither a primary nor a 
secondary amine. 


Lot 995 B. Period 1.—Ration: Purified food mixture plus 5 per cent of 
butter fat. 

Period 2.—Ration: Same as Period 1, but with a preparation contain- 
ing the water-soluble B equivalent to 3 per cent of wheat embryo in the 
food mixture. This preparation was evaporated with hydrochloric acid 
as described below. 

Period 3.—Ration: Same as Period 2 with the water-soluble B prepa- 
ration increased to the equivalent to 10 per cent of wheat embryo. 


It is not clear from this experiment whether or not the treatment 
with hydrochloric ‘acid destroyed a part of the dietary factor B. 
The fact that there was no growth in Period 3 would seem to 
indicate that the substance is slowly inactivated. This phase 
of the subject will receive further study. Relatively great 
stability toward hydrochloric acid is clearly shown. 
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Treatment of Preparations Employed with Lots 995 A and 
995 B.—416 gm. of wheat embryo previously extracted with 
ether for 18 hours, were extracted with 95 per cent alcohol for 6 
hours using the Soxhlet system and for three consecutive 6 hour 
periods using the Caldwell system. The alcohol was distilled 
off from each portion separately and the extracts were brought 
down to dryness in a large granite pan at 40-50° in 14 hours. 
The residue was taken up in water and made up to 416 cc. 

208 cc., equivalent to 208 gm. of wheat embryo, were trans- 
ferred to an aspirating bottle and the nitrous acid gas was gen- 
erated from 50 gm. of sodium nitrite, and 100 cc. of 1: 1 HCl] were 
passed in during the course of 4 hours. The gas was well washed 
by passing it through a strong sodium nitrite solution. The 
treated solution was brought down and evaporated on dextrin. 
The total weight of dextrin carrying the extract was brought 
up to 208 gm. This extract was fed in the ration of Lot 995 A 
(Chart 12). 

The remaining 208 cc. were treated with HCl as described below 
and employed in the ration of Lot 995 B (Chart 12). 

The solution of alcoholic extract of wheat embryo (from Prep- 
aration 995 A) was acidified with 5 cc. of c.p. HCl and evap- 
orated on dextrin. The dry residue was made up to a final 
weight of 208 gm. It was rather strongly acid, since 5 gm. 
required 25 cc. N/14 NaOH to neutralize it to phenolphthalein. 


Lot 972 A. Period 1.—Ration: Purified food mixture plus 5 per cent of 
butter fat. 

Period 2.—Ration: Same as Period 1 with 10 per cent of wheat embryo 
which had been treated with 0.28 per cent sodium hydroxide at 100°C. 
for 1 hour. ; 


This treatment with dilute sodium hydroxide destroyed almost 
completely the content of water-soluble B in the wheat embryo. 
This confirms the observations of others that alkalies are very 
destructive of this dietary essential. 

Preparation of the Wheat Embryo Treated with Alkalt Which 
Was Fed to Lot 972 A, Period 2.—550 gm. of wheat embryo, pre- 
viously ether-extracted, were extracted with 95 per cent alcohol for 
three consecutive 6 hour periods, the flask with the extract being 
removed at the end of each period to minimize the possible de- 
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structive action of heat. The alcohol was distilled off, the ex- 
tract taken up in water, and made up to 550 cc. It was dis- 
tinctly acid to litmus. It was neutralized to. phenolphthalein 
with a sodium hydroxide solution and a sufficient excess added 
to make it alkaline up to 0.28 per cent NaOH. At this degree of 
alkalinity the solution was heated for 1 hour under a reflux, 
then cooled, then almost neutralized with hydrochloric acid, and 
acidified by the addition of 12 per cent acetic acid which made 
it strongly acid. It was evaporated on dextrin in large granite 
pans and dried at 70—-80° for 5 hours. 
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EFFECTS OF DIET ON THE PLASMA CHLORIDES AND 
CHLORIDE EXCRETION IN THE DOG. 


By J. HAROLD AUSTIN anp LEON JONAS.* 


(From the William Pepper Laboratory of Clinical Medicine, University of 
Pennsylvania, Philadelphia.) 


(Received for publication, October 17, 1917.) 


In the study of the plasma chlorides in a series of nephritics 
Wolferth (1) recently called attention to the low figures occasion- 
ally observed in certain cases. As a rule, this finding was noted 
in patients who had been for some time upon a chloride-free diet. 
This observation we (2) have confirmed and have found the 
plasma chlorides as low as 4.6 gm. per liter in one case of ad- 
vanced glomerulonephritis, 5 days before death. That this 
marked depression of the plasma chlorides might be merely the 
result of a long continued low chloride diet combined with a 
rather free administration of water seemed to us possible in spite 
of the well recognized tendency of the blood to maintain con- 
stant its inorganic composition. It was observed that in other 
cases with chronic nephritis, especially those of the so called 
parenchymatous type, which exhibited a tendency to elevation 
of the plasma chlorides, even a prolonged period of low salt 
diet did not bring the plasma chlorides below normal or often 
even to the normal figure. These, however, do not afford satis- 
factory evidence of the effect of a continued low chloride diet on 
the plasma in other diseases of the kidneys or when the kidneys 
are normal. 

In order to obtain some data upon the point the following 
experiments were carried out upon dogs. The animals were 
placed upon one of three diets; an ordinary diet, a diet with a 
high sodium chloride content, or a diet poor in sodium chloride 
and with a free administration of distilled water. After a vari- 


* Woodward Fellow in Physiological Chemistry, William Pepper Lab- 
oratory of Clinical Medicine, University of Pennsylvania. 


91 


92 Plasma Chlorides and Chloride Excretion 


able number of days upon the diet, a period of from 20 to 24 
hours was allowed to elapse after the last feeding and the dog was 
then catheterized and given 100 ce. of distilled water by stomach 
tube to promote diuresis. About 35 minutes later blood was 
taken from the jugular vein for chloride analysis, and about 70 
minutes after the first catheterization the animal was catheterized 
again and the concentration of chlorides in the urine determined. 

The rate of excretion of chlorides was calculated for a 24 hour 
period on the basis of the excretion during the interval between the 
catheterizations. This portion of each experiment is designated 
in the protocols and table by the letter ‘‘A”’ following the number 
of the experiment. The series of “‘A’”’ experiments shows the con- 
dition of the plasma chlorides and of the chloride excretion as a 
result of the continued use of the various diets. The main ob- 
ject of this part of the investigation was to determine whether 
following several days upon a low chloride diet the plasma 
chlorides would be found at a lower level than following a period — 
on ordinary diet, and also to determine whether following a 
series of days on high chloride diet the plasma chlorides would 
be found increased, and if so whether with or without an increased 
rate of chloride excretion in the urine. In order to determine 
whether any injury to the general renal function resulted from 
the high salt diet, blood urea was determined in certain of the 
experiments and the figures were considered as evidence of the 
general renal functional integrity. 

In order to test the immediate effect of a large dose of sodium. 
chloride upon the plasma and upon the chloride excretign a sec- 
ond procedure designated ‘‘B” in the protocols and table was 
carried out in many of the experiments. Immediately upon 
completion of part “A’’ of the experiment 10 gm. of sodium 
chloride in two doses an hour apart were given by stomach tube 
in 5 per cent solution. Immediately after the second dose a 
period of urinary collection was instituted as in “‘A’”’ and blood 
again taken for analysis in the middle of this period. | 

In these experiments can be noted: first, the relation between 
the increase in the plasma chlorides and the increase in the 
chloride excretion resulting from the administration of the sodium 
chloride; second, the effect of the previous dietary régime upon 
this response to the dose of chloride. 
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In two instances on the day following the administration of the 
10 gm. of sodium chloride just described a third period of urinary 
collection with collection of blood was carried out to determine 
whether any effect of the large dose of chloride still persisted 24 
hours later, either in the plasma or in the rate of chloride excretion. 
This part of the experiment is designated in the protocols and 
table as ‘‘C.” | 

In Experiment 4, Dog I, the effect of a mild uranium nephritis 
in an animal on a medium chloride diet was studied for compari- 
son with the effect of high salt feeding. 


Methods. 


Urine.—The chlorides were estimated by the Volhard-Harvey method 
(3). The concentration is indicated in the protocols and table as gm. of 
sodium chloride per liter of urine under ‘‘E.’’ The rate of chloride ex- 
cretion is expressed as gm. of sodium per 24 hours, calculated from the 
excretion in the number of minutes of urinary collection employed in each 
experiment; this rate of excretion is given in the protocols and table 
Hocus 

Blood.—Blood was drawn from the jugular vein directly into a centri- 
fuge tube containing potassium oxalate crystals beneath paraffin oil, 
centrifuged immediately, and the plasma pipetted from the cells (4). In 
the plasma so obtained chlorides were estimated by the method of McLean 
and Van Slyke (5). The figures are given under ‘“‘N’’ as gm. of sodium 
chloride per liter of plasma. 

Blood urea nitrogen was estimated on the whole blood by the method 
of Van Slyke and Cullen (6). The figures given are mg. of blood urea 
nitrogen per 100 cc. of blood. In some of the experiments blood was also 
drawn from the vein, allowed to clot, centrifuged, and the serum used 
for the estimation of electrical conductivity. Decinormal potassium 
chloride solution was used as a standard and determinations were made 
at 25°C. The specific conductivity is given under ‘‘X.”’ 

In all analyses duplicate determinations were made. 


RESULTS. 


The results of the fourteen experiments on the three dogs are 
given in the table.. The detailed protocols are appended. 

It will be noted that on the same ordinary régime the three dogs 
differed somewhat in the level of plasma chlorides; Dog I showing 
the highest, 6.3 gm. per liter, and Dog II the lowest, 5.9 gm. 
The chloride excretion in all three was small. 
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On a high salt diet consisting of ordinary diet plus from 5 to 
10 gm. of sodium chloride daily continued from 4 to 13 days 
Dogs I and III showed a definite, although in the case of Dog 
III a very slight, increase in the level of the plasma chlorides. 
The study of the blood and urine was made the day following 
the last feeding and last dose of chloride. The urinary excretion 
of chloride was still definitely increased in Dog III but was nor- 
mal in Dog I. Dog II developed a marked diarrhea as soon as 
the chloride high diet was commenced and this probably ac- 
counts for the absence of any increase in the chloride excretion 
and for the very slight degree of change in the plasma chlorides 
the day following the last dose of chloride. 

In Experiment 14, 48 hours were allowed to elapse between the 
last dose of chloride and the study of the blood and urine, and 
this interval proved sufficient to allow a return of the plasma 
chlorides and. chloride excretion to normal, in spite of the fact 
that the dog had received 7.5 gm. of added’sodium chloride daily 
for 20 consecutive days. 

It seems, therefore, that such increases in the plasma chlorides 
and chloride excretion as were observed in “A” group of experi- 
ments 24 hours after the last day of high chloride diet represent 
merely the persistence of the acute disturbance of these factors 
which follow each administration of chloride as shown in the 
“B” group of experiments about to be discussed and which 
may be seen persisting into the following day in Experiment 7, 
““C,.” There is no evidence that the continued use of a high 
chloride diet leads to a permanent or stable increase in the 
plasma chlorides or to an elevation of the chloride threshold. 

The use of a low chloride diet combined with a free flushing 
with distilled water failed to reduce the level of the plasma 
chlorides below normal. In no case were we able to reduce the 
plasma chlorides below the original level observed in that ani- 
mal. The same constancy was observed in the electrical conduc- 
tivity of the serum. These experiments indicate, therefore, that 
in those cases of clinical nephritis, in which following the use of a 
low chloride diet the plasma chlorides fall distinctly below nor- 
mal, this depression of the plasma chlorides is evidence of disease 
and not merely a consequence of the patient’s régime. 

In the “B” group of experiments we studied the immediate 
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effect of administration of 10 gm. of sodium chloride by the 
stomach in two doses an hour apart upon the plasma chlorides, 
electrical conductivity of the serum, and rate of chloride excre- 
tion. A marked rise in the plasma chlorides resulted, amount- 
ing to from 0.5 to 1 gm. per liter. This was associated with a 
markedly increased chloride output in the urine. Inspection of 
the table shows that no formula could be applied which would 
express the relations between the increases in these two factors 
either with or without inclusion of the urinary chloride concen- 
tration in the formula. In Dog I the highest chloride output, 
absolute and percentile, was associated with the lowest plasma 
chloride observed in this animal in any of the examinations im- 
mediately after chloride administration. 

The electrical conductivity of the serum exhibited an increase 
about commensurate with that of the plasma chlorides. In Dog 
III, Experiment 7, when the dog had been on a diet of moderate 
chloride content neither the plasma nor the urinary excretion 
had returned to normal on the day following the administration 
of 10 gm. of sodium chloride (Experiment 7, ‘‘C’’). In Ex- 
periment 9, however, when the dog had been on a low chloride 
diet, the plasma chlorides had returned to normal the day fol- 
lowing the administration of 10 gm. of sodium chloride, although 
the urine still showed a somewhat increased output. 

In Experiment 4, in which the effect of a mild uranium nephri- 
tis was studied, the elevation of the plasma chlorides on an ordi- 
nary diet was very marked and the chloride excretion poor. 
Following the administration of 10 gm. of sodium chloride by 
stomach, although only a moderate increase occurred in the 
plasma chlorides, they reached the highest figure observed in any 
of these experiments, but almost no response resulted in the 
urinary chloride excretion. The behavior of the kidney in this 
experiment can clearly not be interpreted as due merely to the 
elevation of its threshold for chlorides as the result of the ne- 
phritis. Obviously in this experiment a given increment in the 
level of the plasma chlorides excited much less increase in the 
rate of the chloride excretion than was the case in the other ex- 
periments in which the kidneys were normal. 

McLean (7) has shown that in the normal animal the chloride 
threshold is constant and that a definite rise in plasma chlorides 
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provokes an increment in urinary excretion proportional to the 
square of the rise. The constancy of this threshold even under a 
prolonged régime of extremely high or extremely low chloride 
diet is again demonstrated in our experiments. In.the patho- 
logical kidney, however, there may be either an alteration in the 
threshold or a disturbance in the degree of renal response to in- 
crements in the plasma chlorides above the threshold. Because 
of these two variables interpretation of the significance of altera- 
tions in the chloride index in pathological cases is complicated. 


PROTOCOLS. 


Dog I.—Female, weight 14 kilos. 

Experiment 1.—Ordinary diet. On a mixed diet of table scraps. 
Water ad libitum. 

Experiment 1 A.—No food or water since previous day. 

Sept. 28, 11.40 a.m. Catheterized. Given 100 ce. of distilled water by 
stomach tube. 12.15 p.m. Bled 12cc. 12.40 p.m. Catheterized. Only 
1 cc. of urine obtained. Given 100 cc. of distilled water. 1.55 p.m. Ca- 
theterized. 160 cc. of urine (1385 minutes). N, 6.3; D, 0.85; E, 0.5. 

Experiment 1 B.—Sept. 28. 1.55 p.m. Given 100 cc. of 3 per cent so- 
dium chloride solution by stomach tube. 3.00 p.m. Given 100 ce. of 5 per 
cent, sodium chloride solution by stomach tube. Catheterized. 3.25. 
p.m. Bled 24 cc. 4.20 p.m. Catheterized. 135 cc. of urine (80 min- 
utes). N, 7.8; D, 34.5; HE, 14.2. 

Experiment 2.—High salt diet. Dog placed for 5 days (Sept. 29 to 
Oct. 3) on a diet of milk, 1 quart, and one dog biscuit each day. In ad- 
dition given each day (except Oct. 2) 150 cc. of 5 per cent sodium chloride 
solution by stomach tube. Water ad libitum. 

Experiment 2.A.—No food, water, or salt since previous day. 

Oct. 4, 2.45 p.m. Catheterized. Given 90 cc. of distilled water by 
stomach tube. 3.18 p.m. Bled 24 cc. 3.45 p.m. Catheterized. 15 cc. 
of urine (60 minutes). N, 6.7; D, 0.36; H, 1. 

Experiment 2 B.—Oct. 4, 3.45 p.m. Given 95 cc. of 5 per cent sodium: 
chloride solution by stomach tube. 4.43 p.m. Same dose of sodium 
chloride repeated.. Catheterized. 5.20 p.m. Bled 24 cc. 5.45 p.m. 
Catheterized. 140 cc. of urine (62 minutes). N, 7.4; D, 49.5; E, 15.2. 

Experiment 3.—Low salt diet. For 10 days (Oct. 18 to Oct. 27) on a 
low salt diet. (Milk, 1 quart, and dried salt-free bread.) In addition 
given each day 150 cc. of distilled water by stomach tube. 

Experiment 8 A.—No food or water since previous day. 

Oct. 28, 9.45 am. Catheterized. Given 100 cc. of distilled water i 
stomach tube. 10.20 a.m. Bled 16 ce. 10.50 a.m. Catheterized. 12cc. 
of urine (65 minutes). N, 6,3; D, 0.1; E, 0.4. 
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Experiment 3 B.—Oct. 28, 10.50 a.m. Given 100 cc. of 5 per cent so- 
dium chloride solution by stomach tube. 11.55 a.m. Same dose of so- 
dium chloride repeated. Catheterized. 12.30 p.m. Bled 20 ec. 1.05 
p.m. Catheterized. 167 cc. of urine (70 minutes). N, 6.8; D, 53.3; 
E, 15.5. 

Experiment 4.—Uranium nephritis. For 5 days (Oct. 29 to Nov. 3) on 
diet of milk, 1 quart, and one dog biscuit daily. Water ad libitum. 

Oct. 30. Given uranium nitrate, 0.02 gm. subcutaneously. 

Nov. 4. Shows a moderate cloud of albumin in urine. 

Experiment 4 A.—No food or water since previous day. 

Nov. 4, 12.03 p.m. Catheterized. Given 100 ce. of distilled water by 
stomach tube. 12.37 p.m. Bled 12 ce. 1.25 p.m. Catheterized. 25 cc. 
of urine (82 minutes). N, 7.4; D, 0.13; E, 0.3. 

Experiment 4 B.—Nov. 4, 1.25 p.m. Given 100 ce. of 5 per cent sodium 
chloride solution by stomach tube. 2.32 p.m. Same dose of sodium 
chloride repeated. Catheterized. 3.10 p.m. Bled 24 cc. 3.42 p.m. 
Catheterized. 35 cc. of urine (70 minutes). N, 7.7; D, 0.78; E, 1.04; 
blood urea N, 39. 

Dog II.—Female, weight 16 kilos. 

Experiment §.—Ordinary diet. Diet of milk, 1 quart, and one dog 
biscuit daily beginning Dec. 27. Water ad libitum. 

Experiment 5 A.—No food or water since previous day. Dec. 29, 
11.07 a.m. Catheterized. Given 100 cc. of distilled water by stomach 
tube. 11.52 a.m. Bled 25 cc. 12.25 p.m. Catheterized. 25 cc. of 
urine (78 minutes). N, 5.9; D, 0.67; E, 1.46; X, 0.0129; blood urea N, 14. 

Experiment 5 B.—Dec. 29, 12.25 p.m. Given 100 cc. of 5 per cent so- 
dium chloride solution by stomach tube. 1.50 p.m. Same dose of so- 
dium chloride repeated. Catheterized. 2.32 p.m. Bled 35 ce. 3.10 
p.m. Catheterized. 59 cc. of urine (80 minutes). N, 6.7; D, 17.1; E, 
16.1; X, 0.0142. 

Experiment 6.—High salt diet. Dog continued on the same diet of milk 
and dog biscuit. For 4 days (Jan. 2 to 5) received in addition sodium 
chloride as follows: Jan. 2 and 3, 130 cc. of 5 per cent sodium chloride so- 
lution by stomach tube; Jan. 4 and 5, 200 cc. of same. Water ad libitum. 
Diarrhea beginning Jan. 3. 

Experiment 6 A.—No food, water, or salt since previous day. 

Jan. 6, 11.00 a.m. Catheterized. Given 100 cc. of distilled water by 
stomach tube. 11.35 a.m. Bled 30 cc. 12.25 p.m. Catheterized. 9.5 
cc. of urine (85 minutes). N, 6.0; D, 0.56; E, 3.5; blood urea N, 10. 

Dog III.—Female, weight 14 kilos. 

Experiment 7.—Ordinary diet. Placed on a diet of milk, 1 quart, and 
one dog biscuit, beginning Dec. 27. Water ad libitum. | 

Experiment 7 A.—No food or water since previous day. 

Jan. 2, 11.40 a.m. Catheterized. Given 100 cc. of distilled water by 
stomach tube. 12.25 p.m. Bled 20 ce. 1.10 p.m. Catheterized. 5 cc. 
of urine (90 minutes). N, 6.0; D, 0.1; E, 1.2; X, 0.0132. 
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Experiment 7 B.—Jan. 2, 1.10 p.m. Given 100 ce. of 5 per cent sodium 
chloride solution by stomach tube. 3.00 p.m. Same dose of sodium chlo- 
ride repeated. Catheterized. 3.35p.m. Bled 30cc. 4.10 p.m. Catheter- 
ized. 32 cc. of urine (70 minutes). N, 7.0; D, 14.6; E, 22.1; X, 0.0147; 
blood urea N, 10. 

Experiment 7 C.—Received milk, 1 quart, one dog biscuit, and water 
ad libitum at 4.30 p.m. on Jan. 2. No further food or water. 

Jan. 3, 10.20 a.m. Catheterized. Given 100 ce. of distilled water by 
stomach tube. 11.30 a.m. Bled 12 cc. 12.20 p.m. Catheterized. 76 cc. 
of urine (120 minutes). N, 6:33°D,°215; EB} 23.6. 

Experiment 8.—High salt diet. In addition to diet of milk anddog 
biscuit as above, received daily 100 cc. of 5 per cent sodium chloride solu- 
tion by stomach tube. Jan. 3 to 12. Water ad libitum. 

Experiment 8 A.—Jan. 13. No food or water. 2.18 p.m. Catheterized. 
Given 100 ce. of distilled water by stomach tube. 2.50 p.m. Bled 30 cc. 
3.22 p.m. Catheterized. 23 cc. of urine (66 minutes). N, 6.2; D, 2.8; E, 
Reve ky OL OlSa: 

Experiment 8 B.—Jan. 13, 3.22 p.m. Given 100 cc. of 5 per cent sodium 
chloride solution by stomach tube. 4.05 p.m. Same dose of sodium 
chloride repeated. Catheterized. 4.32 p.m. Bled 20 cc. 5.20 p.m. 
Catheterized. 73 cc. of urine (75 minutes). N, 7.2; D, 27; E, 19.3; X, 
0.0148. | 

Experiment 9.—Low salt diet. For 8 days (Jan. 18 to 25) given daily 
milk, 1 quart, and dried salt-free bread. In addition given daily 200 
ce. of distilled water by stomach tube. Water ad libitum, but not taken. 

Experiment 9 A.—No food or water since previous day. 

Jan. 26, 1.32 p.m. Catheterized. Given 100 cc. of distilled water by 
stomach tube. 2.05 p.m. Bled 30 cc. 2.35 p.m. Catheterized. 9 cc. 
of urine (63 minutes). N, 6.1; D, 0.4; E, 2.1; blood urea N, 10. 

Experiment 9 B.—Jan. 26, 2.85 p.m. Given 100 cc. of 5 per cent sodium 
chloride solution by stomach tube. 3.25 p.m. Same dose of sodium 
chloride repeated. Catheterized. 3.55 p.m. Bled 20 cc. 4.45 p.m. 
Catheterized. 90 cc. of urine (80 minutes). N, 7.0; D, 25.3; E, 15.6. 

Experiment 9 C.—Received milk, 1 quart, and salt-free bread at 5 p.m., 
Jan. 26. Water ad libitum. No further food or water. 

Jan. 27, 9.35 a.m. Catheterized. Given 100 cc. of distilled water by 
stomach tube. 10.15 a.m. Bled 20 cc. 10.45 a.m. Catheterized. 27 cc. 
of urine (70 minutes). N, 6.0; D, 1.2; EB, 2.1. 

Experiment 10.—Low salt diet. Same diet and distilled water as in 
Experiment 9 (Jan. 27 to Feb. 2). 

Experiment 10 A.—No food or water since previous day. 

Feb. 3, 2.42 p.m. Bled (No. 1) 20 ce. Catheterized. Given 100 cc. of 
distilled water by stomach tube. 3.30 p.m. Bled (No. 2) 30 ce. 4.07 
p.m. Catheterized. 42 cc. of urine (85 minutes). No. 1: N, 6.1; X, 
0.0133. No. 2: N, 6.0; D, 0.3; E, 0.4; X, 0.0182.. 

Experiment 11.—Low salt diet. Same diet and distilled water as in 
Experiments 9 and 10 (Feb. 5 to 11). 
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Experiment 11 A.—No food or water since previous day. 

Feb. 12, 3.00 p.m. Catheterized. Given 100 cc. of distilled water by 
stomach tube. 3.45 p.m. Bled 30 cc. 4.30 p.m. Catheterized. 30 cc. 
of urine (90 minutes). N, 6.2; D, 0.6; E, 1.2; X, 0.0133; blood urea N, 14. 

Experiment 12.—Low salt diet. Same diet and distilled water as in 
Experiments 9, 10, and 11 (Feb. 13 to 20). 

Experiment 12 A.—No food or water since previous day. 

Feb. 21. 3.12 p.m. Catheterized. Given 100 cc. of distilled water by 
stomach tube. 3.52 p.m. Bled 25 cc. 4.37 p.m. Catheterized. 37 ce. 
of urine (85 minutes). N, 6.2; D, 0.36; E, 0.6; X, 0.0133. 

Experiment 13.—High salt diet. Dog placed 13 days (Feb. 28 eo Mar. - 
12) on milk, 1 quart, and one dog biscuit daily. Given 150 cc. of 5 per 
cent sodium chloride solution daily by stomach tube. Water ad libitum. 

Experiment 13 A.—No food, water, or salt since previous day. 

Mar. 18, 3.25 p.m. Catheterized. Given 100 ce. of distilled water by 
stomach tube. 4.05 p.m. Bled 30 cc. 4.40 p.m. Catheterized. 13 ce. 
of urine (75 minutes). N, 6.35; D, 1.5; E, 5.8; X, 0.0134, blood urea N, 14. 

Experiment 14.—High salt diet. Same diet and sodium chloride as in 
Experiment 13 (Mar. 14 to 19). Same diet, no sodium chloride, Mar. 20. 

Experiment 14 _A.—No food or water since previous day. 

Mar. 21, 2.00 p.m. Catheterized. Given 100 cc. of distilled water by 
stomach tube. 2.85 p.m. Bled 30 ce. 3.05 p.m. Catheterized. 32 cc. 
of urine (65 minutes). N, 6.2; D, 0.5; E, 0.7; blood urea N, 13. 


CONCLUSIONS. 

1. The level of plasma sodium chloride 24 hours after feeding 
varied in three dogs from 5.9 to 6.3 gm. per liter, but was quite 
constant for any one animal. 

2. By administering large amounts of sodium chloride in solu- 
tion by stomach tube, the level of the plasma chlorides can be 
raised in the dog within 14 hours, 1 gm. per liter. The return 
to the previous level occurs within from 24 to 48 hours. 

3. It is not possible to raise the level of the plasma chlorides 
’ other than in this transient manner by a prolonged régime on a 
high chloride diet, or to lower the plasma chlorides below the 
normal level even by a prolonged régime on a very low chloride 
diet. 

4. In certain nephritic animals with impaired chloride excretion, 
whatever may be the hypothetical chloride threshold, a given in- 
crement in the plasma chloride concentration excites less incre- 
ment in the rate of chloride excretion than it would in a normal 
animal. 
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STUDIES OF ACID PRODUCTION. 
II. THE MINERAL LOSS DURING ACIDOSIS.* 
By MARGARET SAWYER, L. BAUMANN, anv F. STEVENS. 


(From the Departments of Home Economics and Internal Medicine, State 
University of Iowa, Iowa City.) 
(Received for publication, November 19, 1917.) 


The effect of acid administration and increased acid produc- 
tion on the excretion of certain minerals and nitrogen has been 
repeatedly studied. Recent discussions of the literature and 
bibliographies will be found in the publications of Forbes and 
Keith,’ Givens and Mendel,’ and Stehle. 

A survey of the literature failed to show a record of a com- 
plete experiment on the normal growing human organism. As 
children.are peculiarly prone to acidosis it appeared desirable to 
supply the missing data. It was with this object in view that the 
following experiments were undertaken. 


Methods. 


The observations were made in a metabolism ward on two 
male children aged 5 and 8 years, and weighing 22.7 and 23 
kilos, respectively. The boys were under the supervision of a 
special nurse.. The food was prepared by a trained dietitian. 
Each period of observation lasted 3 days. 


Each child consumed 436 gm. of egg white, 74 gm. of egg yolk, 414 gm. 
of milk, 64 gm. of pure sucrose, 60 gm. of pure lactose, 2 gm. of pure so- 
dium chloride, and 3 gm. of agar, daily during the normal period. This 
amount of food contained 324 protein, 385 fat, 593 carbohydrate calories, 
and 12.6 gm. of nitrogen. The energy intake was equivalent to 56 cal- 
ories per kilo. During the period of high fat feeding the protein calories 
remained the same, but the carbohydrate calories were reduced to 85, 


* The expenses of the research were met in part by a grant from the 
research fund of the Graduate College of the State University of Iowa. 
1 Forbes, E. B., and Keith, M. H., Ohio Agric. Exp. Station Technical 


Bull. 5, 1914. 
2 Givens, M. H., and Mendel, L. B., J. Biol. Chem., 1917, xxxi, 421. 


2 Stehle, R. L., J. Biol. Chem., 1917, xxxi, 461. 
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while the fat calories were increased to 857. This was accomplished, by 
replacing the lactose and sucrose of the normal period, with an isodynamic 
quantity of pure butter fat (51 gm.) prepared according to the directions 
of Osborne and Mendel.‘ The mineral, calorie, and nitrogen intake, 
therefore, was practically identical during both periods. 

The nitrogen and mineral content of the food was determined by analy- 
sis. The figures were compared with those obtained by calculation from 
the tables of Rose® (see .Table I). 

The urine of each voiding was separately collected in a Mason jar 
and preserved in the refrigerator after the addition of toluene. The 
24 hour volume was diluted to 1 lhter and 100 cc. were removed for the 
determination of titratable acidity, ammonia, creatine, creatinine, and 
acetone. The remaining urine of the 3 days (2,700 cc.) was united and 
analyzed for nitrogen and minerals. The feces were separated with the 
aid of carmine. The latter was administered, with the agar and milk, 
without other food, thus securing a sharp separation of the periods. The 
feces of a period were triturated with distilled water until a homogeneous 
suspension was obtained. Weighed aliquot portions were analyzed. ‘The 
determinations of the minerals in the food, urine, and feces were carried 
out as described in a former article. The sulfur of the food and feces 
was conveniently determined by the Benedict method, after treating the 
material with fuming nitric acid in a Kjeldahl flask.. The modified 
oxidizing solution, recommended by Denis,’ was found to be preferable 
to the original. 


A record of the analytical data and results will be found in the 


following tables. 
TABLE I. 


The Nitrogen and Mineral Content of the Daily Food.* 


Nitro- Slfur Phos- | Chlo- Cal- Mag- So- | Potas- 
gen. UF-! phorus.| rine. | cium. |nesium.| dium. | sium. 


gm. gm. gm. gm. gm. gm. gm. gm. 
Calculated, Rose®...| 12.6 | 1.11 10.7688} 2.44 |0.6496/0.0958| 1.73 | 1.357 
Found. 
Normal period...:}| 12.06) 1.13 |0.8799) 2.31 |0.7024/0.1465} 1.781} 1.261 
Highfat “ ....} 11.93} 1.11 |0.8631| 2.49 |0.6430/0.1046] 1.762] 1.207 


* The addition of agar to the food probably accounts for the disagree- 
ment between the calculated and found values for calcium, magnesium, 
and phosphorus. 


Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1913-14, xvi, 423. 

5 Rose, M. 8., A Laboratory Handbook for Dietetics, New York, 1912, 
109. ! 

6 Baumann, L., and Howard, C. P., Arch. Int. Med., 1912, ix, 665. 

7 Denis, W., J. Biol. Chem., 1910-11, viii, 401. 
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TABLE II. 


Record of the Excretion of Certain Blood and Urine Constituents during 
Periods of Normal and High Fat Feeding. 


Titratable 
acid.* 


* 


Creatinine. 


Ammonia. 


NOOR WD He 


High fat. 


“< (79 


ce (79 


Normal. 


Normal. 
ce 


ce 


High fat. 


“¢ “é 


e ce 


Normal. 


* The titratable 
solution. 


385} 276 
385} 274 
395| 274 


330) 272 
500); 256 
815} 244 
818} 284 


465} 332 
455} 362 
465) 336 


‘ 390) 362 


425) 342 
530} 334 
630} 361 


Sika. 8 yale 
A: etc Ph | 
3 232 oo Remarks. 
Ope iia ce) Ome 
co ate 
192 Subject C. G., aged 5 yrs.; 
194 weight 22.7 kg. Physi- 
174 50 cal examination, nega- 
tive. 
178|+ During the high fat pe- 
236|}-+ + riod, restlessness and a 
290|+-+-+] 29 slight increase of the 
202 pulse rate were ob- 
served. 
96 Subject R. W., aged 8 
86 : yrs.; weight 23.2 kg. 
143 49 Physical examination 
124|+ showed scars of mas- 
216/++ toid and tonsillectomy 
250/+++] 37 operations. 
297 


acid and ammonia are expressed in terms of 0.1 N 
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TABLE IV. 
The Mineral Excretion Expressed in Cc. 0.1 N Solution. 
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» | Phos- | Chlo- | Cal- | Mag- | S ‘ : 
Sulfur. Shenet zine url Be aati Tae Gee tne ae 
Gat. Urine.*| 1,853) 1,302] 2,042) 416) 203) 2,217; 902] 1,165 
Normal | Feces.. 104, 430 28} 600) 124 38 143 
diet. Lotaley! 1,957) 51,732) 2,070) 1,016) 63271) 2,255| 1,045 
{sLotal acid ©. 2. 5,759 
“ base.... 5,808 
C. G. Urine..| 2,072} 1,681; 1,982} 656} 247) 2,489} 1,090} 1,645 
High fat | Feces.. 183} 644 19 ee oOowe -230 27|- 204 
diet. Total’s) 2;255142;325!) 2,001) 4,561!) 477) 2.516). (294 
Total acid.... 6,581 
‘<= base.... 7;493 
Fee Urine..| 1,983) 1,268] 1,982) 223) 199) 2,209) 9805) 1,385 
Normal | Feces.. 138] 657 dle 853} 119 13} 164 
diet. Tetaly, |” 2,021 1,925) 1,987) 1,076) -~ 318) 2,222) 969 
Ota ACIAs, wes 0, Uo 
‘“* _base:.... 5,970 
R. W. Urine..| 2,233) 1,593) 2,198} 348) 248) 2,781); 949] 1,845 
High fat | Feces.. 74, = 579 4, 560) 324 16} 235 
diet. ML otaligh 2,004) *2.t72| 2,202), 908) ..572) 2,797; 1,184 
Total acid.... 6,681 
“  base.... 6,806 


* The acid equivalent of the total sulfates only is recorded. 


+ Phosphoric acid was calculated as a dibasic acid. 


DISCUSSION. 


Inspection of the tables shows that C. G., the younger child, 


responded promptly to the high fat diet with a marked increase 
in nitrogen, minerals, ammonia, titratable acid, and creatine. 
During the preliminary normal period he excreted the equiva- 
lent of 5,759 cc. of mineral acid and 5,808 ce. of base; that is, 49 
cc. of base served for the neutralization of organic acid. The 
titratable acidity, 380 cc., plus 49 cc. indicates the approximate 
organic acid excretion (429 cc.). During the period of high fat 


108 Mineral Loss during Acidosis 


feeding, 6,581 cc. of mineral acid and 7,493 cc. of base were ex- 
creted; that is, an excess of 912 cc. of base for the neutralization 
of organic acid. The sum of the titratable acid (550 cc.) and the 
excess of base excreted (912 cc.) is 1,462 cc., which is the amount 
of organic acid excreted during the 3 days of this period. 

R. W. was less susceptible to the change in diet. The excretion 
of nitrogen, minerals (except calcium), creatine, and titratable 
acid was increased, but not to the same extent as in the former 
child. During the normal period 6,033 cc. of acid and 5,970 ce. 
of base were excreted; that is, 63 cc. of acid in excess of base. 
The titratable acid of the urine (310 cc.) minus the excess of 
mineral acid (63 cc.) leaves 247 cc. for the organic acid elimina- 
tion. During the high fat period 6,681 cc. of acid and 6,806 ce. 
of base were excreted. ‘The titratable acid of the urine (885 cc.) 
plus the excess of base over mineral acid excretion (125 ec.) makes 
510 cc., which is the organic acid excretion for this period. The 
values of the plasma carbonates for the high fat periods were in 
keeping with the urinary findings. Under similar conditions, 
C. G., the more responsive case, showed a lowering of the car- 
bonate value amounting to 21 volume per cent, whereas R. W.’s 
plasma carbonates decreased by 12 volume per cent.? 

The increased elimination of nitrogen during the periods of 
high fat feeding may possibly be ascribed to an accelerated rate 
of conversion of protein into carbohydrate. The ammonia in the 
urine of the more responsive case accounts for but 10 per cent of 
the excess nitrogen eliminated. The ratio of sulfur to nitrogen 
lost is about 1:17 and 1: 21 respectively. 

If we assumed that the lost nitrogen was derived from muscle 
exclusively, then in the case of C. G. about 320 gm. of muscle 
tissue would have been catabolized. The minerals contained 
therein would be entirely inadequate to account for the cal- 
clum, magnesium, and phosphorus losses. One naturally asso- 
ciates this trio of elements with bone and it is not unlikely that 
they were derived from this source. The excess of calcium 
which was excreted during the period of high fat feeding served 


8 The variation in the response of children to acid-producing diets is 
marked. We have recorded observations concerning this point on a 
larger series of children in a forthcoming number of the Am. J. Dis. 
Child. 
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to neutralize more acid (545 cc.) than the surplus of ammonia 
(480 cc.). 

Fitz, Alsberg, and Henderson® and others have pointed out 
the increased elimination of acid phosphates during periods of 
acidosis. This may account for part of the increased excretion 
of sodium, potassium, and phosphorus during the period of high 
fat feeding. 

The phosphorus loss of the older child, with the more moder- 
ate acid production, was less than one-half that of the other. 
Calcium was actually retained. The loss of sodium and chlorine, 
however, was more marked. The diminished excretion of so- 
dium chloride, by the younger child, with the more marked acid 
production, may possibly be explained by the observation of 
Fischer’? that acidosis is associated with a decreased sodium 
chloride elimination. 

The above observations, largely confirmatory in nature, indi- 
cate that a considerable loss of minerals, especially phosphorus 
and calcitwm, may accompany short periods of increased acid pro- 
duction in children. The excretion of these elements, in the two 
cases studied, varies directly with the severity of the acidosis. 
The pronounced loss of nitrogen during the high fat period is a 
field for further investigation. 


In conclusion, we wish to thank Drs. Dean, Steindler, and 
Beifeld for their cooperation, and Miss Helen Mougey for the 
care exercised in the preparation of the diets. 


* Fitz, R., Alsberg, C. L., and Henderson, L. J., Am. J. Physiol., 1907, 
xviii, 113. 
10 Fischer, M. H., J. Am. Med. Assn., 1915, lxiv, 325. 
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““HYDROLECITHIN” AND ITS BEARING ON THE CONSTITUTION 
OF CEPHALIN. 


By P. A. LEVENE anp C. J. WEST. 
(From the Laboratories of The Rockefeller Institute for Medical Research.) 
(Received for publication, December 1, 1917.) 


The recent investigations on the chemical structure of lecithin 
have resulted in many important contributions, all of which 
point to the correctness of the generally accepted view of its 
molecular structure, 


H.C — O — COCi;H3; 


| 
Hoe On COCLHs 


H,C—0P = 0 ne 


ma POE — CH, — CH, — N = (CHs3); 

However, a scrutiny of al] the work on lecithin reveals a re- 
markable incompleteness of each individual investigation. .A 
rigorous proof of the accepted theory requires for lecithin an ele- 
mentary composition of C = 65.60, H = 10.79, N = 1.74, P = 
3.86. It further requires that the nitrogen of the molecule 
should be composed entirely of choline. Hence, lecithin should 
not contain even a part of its nitrogen in the form of free amino 
groups. Still further, it requires a proof of the identity of the 
fatty acids with those accepted by theory, and finally it requires 
the isolation of the glycerophosphorie acid. 

The work up to the present has satisfied many of the require- 
ments. The fatty acids and the glycerophosphoric acid have 
been identified; and MacLean has prepared, at least once, a 
sample of lecithin that was free of amino nitrogen. However, 
this one sample has been incompletely analyzed. All other 
samples of lecithin prepared by various workers contained amino 
111 
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nitrogen in their molecule, and from the standpoint of elementary 
analysis showed a marked disagreement with the theory. -This is 
well illustrated by the following table. 


Author. Source. C H N 1 Choline. 


per cent |per cent |per cent |per cent | per cent 


Thudichum....... Brain. 66.75| 18.67) 1.81 | 4.00 — 
Baskota see cee Liver. 64.64} 10.71] 1.95 | 4.00 — 
Hefiterte er. o — — a — 25 
Stern and Thier- 
felderiee av et Egg. 64.63) 10.96] 1.79 | 3.95 = 
MacLean®........ a ‘| 64.18} 10.60] 1-87 | 3.95 | 66 
Erlandsen‘®....... Heart. 66.29) 10.17] 1,87 |\*S205Nee 
MacLean’........ ie 66.27|-10:32| 1:85 °83 287s 
Bpplert a). 282 e 66.46] 10.69] 1.87 | 4.03 _ 
MacLean’........ ae — — | 1.89 | 4.04 | 68 
PONE Fite Not given. —.| — 11.85 :4:00Reeas 
Wa re NS From CdCl, salt. — | — | 1.87] 4.15 | 98.7 


The analytical data obtained by Ritter? on hydrolecithin 
showed better agreement with the theory, and one might be in- 
clined to regard the material of Ritter as such that it contained all 
the necessary proof in favor of the conventional theory. Unfortu- 


nately, Ritter did not determine the amino nitrogen content of 


the reduced lecithin, and hence failed to furnish definite proof of 
its purity. . 

‘Indeed, the present report contains data unmistakably prov- 
ing that hydrolecithin of an elementary composition fully har- 
monizing with the theory may be and generally is impure, con- 
taining between 10 and 20 per cent of its nitrogen in the form 


1 Thudichum, J. L. W., The Chemical Constitution of the Brain, Lon- 
don, 1884. 

2 Baskoff, A., Z. physiol. Chem., 1907, lvii, 395. 

3 Heffter, A., Arch. exp. Path. u. Pharm., 1891, xxviii, 100. 

4 Stern, M., and Thierfelder, H., Z. physiol. Chem., 1907, liii, 381. 

5 MacLean, H., Z. physiol. Chem., 1908, lv, 360; 1909, lix, 223; Biochem. 
J., 1909, iv, 38, 240. 

6 Erlandsen, A., Z. physiol. Chem., 1907, li, 71. 

7MacLean, Biochem. J., 1915, ix, 364. 

8 Eppler, J., Z. physiol. Chem., 1913, Ixxxvii, 241. 

* Ritter, F., Ber. chem. Ges., 1914, xlvii, 530. Cf. Reidel’s Ber., 1913, lvii, 
20; 1914, lviii, 15. 
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of amino nitrogen. Thus the task of the preparation of lecithin 
having a composition required by the theory and at the same 
time free of impurities has not yet been accomplished. Efforts 
in this direction are now in progress in this laboratory. 

However, the present finding has a great significance because 
of its bearing on the structure of cephalin, and the work is pre- 
sented in its present incomplete state because of this significance. 
The remarks made earlier in this communication regarding leci- 
thin apply also to cephalin. On the basis of recent work on the 
hydrolytic products of the substance, a certain structural formula 
has been assumed. This formula requires an elementary com- 
Peete or eG, 956.17, H’— 10:57) N 91.88) ande l= 417, 
However, all samples analyzed, beginning with Thudichum and 
up to the present by the most recent investigators,!° consistently 
had the average composition of C = 60.00, H = 9.30, N = 1.80, 
and P = 3.80. 

On the basis of these considerations, one may argue that if 
cephalin and lecithin both had the composition required for them 
by the theory, then a mixture of the two should possess practi- 
cally the same elementary composition as either one of them in 
the pure state. On the other hand, if lecithin possessed the com- 
position assumed by the theory and cephalin that found empir- 
ically, then a mixture containing 80 per cent of the former and 
. 20 per cent of the latter should possess a carbon content of 64.56 
per cent instead of 65.35 per cent. Conversely, if a mixture of the 
two reduced substances posses.ed an elementary analysis of C = 
65.30, H = 11.20, N = 1.75, P = 3.85, it would justify the conclu- 
sion that both lecithin and cephalin possess the composition 
assumed for them by the theory. 

The material analyzed by us contained 80 per cent of lecithin 
and 20 per cent of an impurity. It was found that the material 
yielded on hydrolysis besides the choline also the base amino- 
ethanol. Hence it was reasonable to assume that the 20 per cent 
of impurity consisted of cephalin. If cephalin had the composi- 
tion found by experience then a substance consisting of 80 per 
cent of hydrolecithin and 20 per cent of cephalin should have an 
elementary composition of C = 64.56, H = 10.49, N = 1.75, P = 


10 Levene, P. A., and West, C. J., J. Biol. Chem., 1916, xxiv, 41. 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XXXIII, NO. 1 


114 Lecithin. I 


3.84. On the other hand, if both lecithin and cephalin possess 
the structure assigned to them by theory then the above mixture 
should have the elementary composition found by experiment. 
Thus the facts presented in this report furnish evidence in favor of 
the prevailing theory of the molecular structure of lecithin and 
of cephalin; they also indicate the method by which the pure re- 
duced cephalin may eventually be obtained. Efforts in this direc- 
tion are now in progress. 

_ In this connection it may be recalled that the product obtained 
on reduction of cephalin with hydrogen gas in the presence of 
palladium contained from 62 to 63 per cent of carbon in its 
molecule, thus approaching nearer than the non-reduced cephalin 
the theoretical value. ‘The non-reduced cephalin generally ob- 
tained is undoubtedly an altered and perhaps oxidized form of 
the original substance. The nature of the alteration is not known 
as yet. 


EXPERIMENTAL. 


Hydrolecithin was first prepared by Paal and Oehme;” they 
reduced an alcoholic solution of egg lecithin with hydrogen and 
colloidal palladium. The product was obtained as microscopic 
compact crystals, which sintered at 83-84°, and decomposed 
over 150° with blackening. Upon hydrolysis the hydrolecithin 
gave a mixture of stearic, palmitic, and probably myristic acids. 
The following year Ritter® reduced lecithin which had been pre- 
pared from fresh, dry egg yolk as follows: The egg yolk was 
first extracted with petroleum ether and then with ether; the 
ethereal extract was concentrated and the residue was then 
extracted with methyl alcohol. The hydrolecithin prepared in 
this way proved to be distearylhydrolecithin; that is, on einer 
ysis it yielded only stearic acid. 

Hydrolecithin has been prepared in our laboratory, by Paal’s 
method, from various fractions of egg lecithin, and from lecithin 
of brain and other organs. During the course of the work it 
has been noted that lecithin, which has been washed according 
to MacLean’s’ method, in which the lecithin is ground up with a 
little water and precipitated with acetone, is reduced more rap- 
idly and more completely than unwashed lecithin. Also, it was 


11 Paal, G., and Oehme, H., Ber. chem. Ges., 1913, xlvi, 1297. 
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found that the addition of 1 to 2 per cent of acetic acid to the 
alcoholic solution facilitated the reduction. With fairly con- 
eentrated solutions the hydrolecithin separates out during the 
course of the reduction. This product was brought into solution 
by warming, filtered from the coagulated palladium, cooled to 
0°, and the material which separated out crystallized from dry 
methyl ethyl ketone until the composition was constant. In 
most cases it was easily possible to obtain material with correct 
analytical figures for carbon and hydrogen. In some cases, how- 
ever, this was impossible, even after repeated crystallization. 
Hydrolecithin crystallizes well from methyl ethyl ketone, in 
which it is insoluble in the cold; it softens between 80 and 90°, 
turns brown about 100°, starts to melt about 200°, and runs 
down the tube, giving a dark red liquid, at 235°. The figures 
vary somewhat, depending upon the rate of heating. The opti- 
cal activity was determined in chloroform solution and varied 
between + 5.2° and + 5.4°. The presence of the amino nitro- 
gen-containing body did not seem to affect the value for [a]. 
mo. (820). 0.18" ; 
Sample 400 [o]? = SaraNanycory mam +5.4 
peng 2784 x 0,21" 


ees 0.5 X 0.3734 


= +5.22° 


9.2150 x 0.24° 

“ ROO lee te perianea  etinegs 
| Ip 0.5 < 0.4170 % 

*9,3805<.0.23° 


«  457[a], = = +5.20° 
ap = osx 04120 ~ t 


Analysis of these samples gave the following values: 


Sample. C H N Ve Ash. NH2—N 
per cent per ‘cent per cent per cent per cent per cent 
400 65.20 10.89 2.00 4.00 10.61 
399 65.59 11.16 2.37 3.85 10.38 
429 65.60 11.038 1.96 3.79 9.75 7.00 
508 65.50 11.30 1.80 3.90 — 20.00 
492 —— — 1.98 3.98 9.66 6.00 


Theory. | 65.37 11.23 1.74 3.84 0 
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Hydrolysis of Hydrolecithin. 


A large quantity (200 gm.) of hydrolecithin was prepared for 
the purpose of studying its hydrolytic products. This analyzed 
as follows: 


Sample. re! H N P NH:—N 


508 65.50 Peso 1.80 3.90 20.00 


100 gm. of this material were hydrolyzed by boiling with 1 
liter of 3 per cent suJfuric acid for 8 hours.” 

The fatty acid fraction was filtered off and recrystallized from 
acetone, after boving about 2 hours with animal charcoal. Again 
recrystallized from acetone, the acid melted at 69-70°, and on 
combustion and titration gave figures for stearic acid. This con- 
firms Ritter’s observation that it is possible to obtain pure 
distearylhydrolecithin. 

The aqueous filtrate was freed from sulfutic acid by the addition 
of barium hydroxide, concentrated 7m vacuo, precipitated with 
basic lead acetate, the filtrate freed from lead, and used for the 
determination of aminoethyl alcohol according to Thierfelder and 
Schulze. The ethereal extract was concentrated, taken up in 
water, and the amino nitrogen determined. The theoretical 
amount of gold chloride was added to the acidified solution. The 
gold salt separated as long needles after standing 2 days in a 
desiccator over sulfuric acid. It melts at 184-186°. ‘Trier’* 
gives 186-187° for the gold chloride salt of aminoethyl alcohol 


122 Thierfelder, H., and Schulze, O., Z. physiol. Chem., 1916, xevi, 
296. 

This method depends upon the fact that calcium oxide does not liberate 
choline from its hydrochloride, but does free aminoethyl alcohol. The 
concentrated solution of the mixed hydrochlorides is rubbed up with 
pure calcium oxide until it is a dry powder and extracted with ether in a 
Soxhlet apparatus; the flask should contain 0.1 N sulfuric acid to bind the 
base, otherwise considerable loss occurs. After 27 hours about 96 per 
cent of the alcohol has been extracted by the ether. The choline may 
then be extracted with hot alcohol. 

138 Trier, G., Z. physiol. Chem., 1911, 1xxiii, 383; 1911-12, Ixxvi, 496. 
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hydrochloride, and Knorr" gives about 190° for the synthetic 
product. It was analyzed by heating to constant weight. 


0.2008 gm. substance gave 0.0990 gm. Au. 


O:2075.2.4 bs sa etUkG <5 et 
Calculated: _ Found: 


ONS ced ete eg Ue eet a 49.17 49.35 48 .96 


14 Knorr, L., Ber. chem. Ges., 1897, xxx, 913. 


THE COLORIMETRIC DETERMINATION OF 
HEM OGLOBIN.* 


By WALTER W. PALMER. 
(From the Hospital of The Rockefeller Institute for Medical Research.) 
(Received for publication, November 30, 1917.) 


_ The method to be described for the determination of hemoglobin 

depends upon the comparison, in a colorimeter, of carbon mon- 
oxide hemoglobin solutions, one of which has a known hemo- 
globin content. Hoppe-Seyler (1) was the first to describe car- 
bon monoxide hemoglobin and to make use of this stable com- 
bination for estimating the hemoglobin content of blood. He 
devised a “‘double pipette’ for comparing the unknown carbon 
monoxide hemoglobin solution with the standard carbon monoxide 
hemoglobin solution, prepared from hemoglobin crystals; but the 
method never came into general use, because of the many tech-. 
nical difficulties involved. Haldane (2) suggested a much simpler 
method for comparing carbon monoxide solutions, using the appa- 
ratus employed by Gowers (3) for comparing oxyhemoglobin 
solutions with a picro-carmine standard. This apparatus was 
later employed by Sahli (4) who prepared an acid hematin 
standard by adding dilute hydrochloric acid to blood. 

A critical discussion of the various methods in use for the 
estimating of hemoglobin is beyond the scope of this paper. As 
Haldane (2) has pointed out, artificially colored solutions and 
tinted glass present great difficulties in standardization with a 
definite strength of hemoglobin solution. With a certain strength 
of color solution or tinted glass, it is possible to imitate quite 
perfectly the tint of a given hemoglobin solution provided the 
quality of light remains the same. Any variation from these 
standard conditions, either in quality of light or strength of 
hemoglobin in solution leads to serious errors. Haldane at- 


* A brief report of this paper is given in Proc. Soc. Exp. Biol. and Med., 


1916-17, xiv, 175. 
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tempted to overcome the objection by preparing a carbon mon- 
oxide hemoglobin standard (1 per cent solution of a blood hay- 
ing an oxygen capacity of 18.5 per cent) which he considered 
permanent when kept sealed in a small test-tube in an atmos- 
phere of carbon monoxide. 0.020 ec. of blood, placed in a simi- 
lar sized and shaped graduated (on scale of 100) test-tube with 
a small amount of water saturated with carbon monoxide by 
means of ordinary illuminating gas, are diluted with water, 
drop by drop, until the unknown and standard tubes match in 
color, whence the percentage of hemoglobin in the unknown may 
be read off on the graduated scale. In principle, Haldane’s 
method is sound; but certain practical difficulties arise. The 
standard is not so permanent as was at first thought, and, when 
water is used, it has been shown by Krogh (5) that the full color 
of the solution is slow in reaching its maximum. The further 
criticism is that the method is time-consuming and cumbersome— 
adding water, drop by drop, and shaking after each addition. | 
Also the color comparison in the two tubes is not sharp. ‘This 
method has one distinct advantage in that it may be used for the 
determination of hemoglobin in any species of animal. 

Sahli employed Haldane’s apparatus and technique; except 
that he used, as a standard, blood to which dilute hydrochloric 
acid had been added. There are three serious objections to 
Sahli’s method: first, the standard is not permanent; second, 
there is considerable delay in the development of the maximum 
er permanent color, amounting, according to Meyer and Butter- 
field (6), in some instances to 20 per cent; and third, it cannot 
be used for the blood of different species. 

The spectrophotometer has undoubted accuracy in the hands 
of skilled operators; but the expense and unavailability together 
with the difficult technique involved, make it impracticable for 
general use. 

The great variety of methods and apparatus which have been 
proposed offer eloquent testimony to the unsatisfactory means 
for the determination of hemoglobin. There is great need for a 
rapid, accurate, and universally standard method for the esti- 
mation of hemoglobin in experimental work and the study of blood | 
diseases in the clinics. 

The method which we have found to fulfil the above conditions 
is as follows: 
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Method. 


Blood is obtained in the usual manner by pricking the finger 
or lobe of the ear. A 1 per cent solution of blood is made by 
drawing 0.05 cc. into a special pipette and transferring into 5 cc. 
of 0.4 per cent ammonia solution—accurately measured with a 
calibrated pipette or burette into a 12 x 120 mm. test-tube. 
The blood pipette is rinsed out by drawing into it two or three 
times the ammonia solution. Ordinary illuminating gas is bubbled 
rapidjy through the ammonia blood solution for 30 seconds, after 
which, it is compared in a Duboscq colorimeter with a standard 
carbon monoxide hemoglobin solution set at 10. The average 
of at least four readings is taken. The calculation is simple, 
an 100 = per cent hemoglobin. 

Manner of Obtaining Blood.—With sufficient care the usual 
clinical method for obtaining small amounts of blood by pricking 
the ear or finger is satisfactory. A free flow is essential. Any 
undue manipulation or squeezing of the part should be avoided 
because an error of 5 or 10 per cent may be introduced by diluting 
the blood with tissue juice. Where there is marked anemia re- 
quiring larger amounts of blood than 0.05 cc., or where there is 
difficulty in obtaining blood from the ear or finger, venous punc- 
ture should be used, coagulation being prevented with oxalate or 
citrate salts. It is often practical and convenient to combine 
the determinations of hemoglobin with other blood analyses, 
where venous puncture is required. If blood has been drawn by 
venous puncture care must be taken that the corpuscles and 
serum are well mixed before filling the pipette. The blood should 
never be shaken violently before measuring, because it becomes 
filled with air bubbles. The mixture of corpuscles and serum 
may best be accomplished by first giving the receptacle a cir- 
cular motion and finally stirring briskly with a glass rod or meas- 
uring pipette which is filled while stirring the blood. 

Pipette for Measuring Blood.—The pipettes are made of milli- 
meter glass tubing calibrated to contain 0.05 ce. and 0.10 ce. The 
pipettes are easily made in any laboratory from straight tubing, 
and require no blowing, the point being rounded off on an emery 
wheel. In this way time and expense are saved, since pipettes 
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obtained from glass blowers require recalibration before use. It 
has been found that water may be used for this calibration, as 
pipettes which have been calibrated with both mercury and water 
check sufficiently well. Theadvantage of having the pipette cali- 
brated to contain 0.10 cc. as well as 0.05 cc. is obvious. In bloods 
with a low hemoglobin content, 0.05 cc. may not be sufficient to 
give the color necessary for accurate color comparison in the | 
colorimeter. A pipette of this type, and used in the manner 
described, is capable of measuring 0.05 cc. of blood with an 
accuracy of 0.2 per cent. 

Ammonia Solution—Ammonia solutions, containing 4 cc. of 
strong ammonia in 1 liter of water, suggested by Krogh (5) are 
used, because the full color of the carbon monoxide hemoglobin 
develops at once. 

Saturation with Carbon Monoxide.—Ordinary illuminating gas 
as a source of carbon monoxide has proven entirely satisfactory. 
It was thought that there might be substances other than carbon 
monoxide in the gas which might form hemoglobin compounds and 
interfere with the determination. Accordingly, pure carbon 
monomide was prepared by heating oxalic acid with concentrated 
sulfuric acid and passing the gas produced through sodium hy- 
droxide to free it from carbon dioxide. As far as could be de- 
termined on comparison of the two solutions in the colorimeter 
the colors were identical. Oxyhemoglobin solutions are very 
unstable. Hence it is necessary, after transferring the blood to 
the ammonia solution, to saturate with carbon monoxide within 
an hour. After saturation with carbon monoxide, the solution 
may, on carefully stoppering and protecting from light, be placed 
in the ice box and the determination made at leisure. Saturation 
of the blood should be carried out under a hood. If the labora- 
tory does not possess a hood, the saturation may be accomplished 
under a funnel, attached to a small water vacuum pump, to 
remove the gas. 

Standard Hemoglobin Solution.—Haldane’s standard of a 1 per 
cent solution of a blood having an oxygen capacity of 18.5 per 
cent is used. It has been shown by Haldane and Smith (7), 
Butterfield (8), Barcroft (9), and others, that the oxygen capacity 
of the blood depends upon its hemoglobin content. A blood of 
18.5 per cent oxygen capacity contains approximately 14 gm. 
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hemoglobin per 100 cc. Although the blood of normal men in 
this country, as shown by Meyer and Butterfield (6), Williamson 
(10), and also as we have found by use of the method here de- 
scribed, contains on the average 16.6 gm. of hemoglobin, which 
would correspond to an oxygen capacity of about 22 per cent, it 
was thought best to keep Haldane’s standard for the present. 
It is a simple matter to compute the gm. of hemoglobin in any 
given blood from the results obtained. 

The standard hemoglobin solution is prepared as follows: A 
. quantity of defibrinated human or ox blood is obtained. The 
oxygen capacity is determined by the method of Van Slyke (11). 
The blood may also be standardized by a spectrophotometer or 
solutions made from hemoglobin crystals prepared in the man- 
ner described by Butterfield (8). We have checked several 
times our standard and found that the oxygen capacity method 
for standardization is most convenient and satisfactory. The 
blood is diluted with 0.4 per cent ammonia solution so as to 
make a 20 per cent solution of a blood with an oxygen capacity of 
18.5 per cent. This 20 per cent blood solution is then satu- 
rated with carbon monoxide by bubbling through it illuminating 
gas for 10 minutes. A drop of caprylic alcohol prevents trouble- 
some foaming. The glass tube through which the gas is passed 
into the blood solution is withdrawn slowly and the bottle stop- 
pered immediately. Rubber corks must not be used in con- 
nection with hemoglobin solutions. The cork should be sealed in 
with paraffin and the solution, protected from light, kept in the 
ice chest. Such a solution thus protected will keep for months. 
Several solutions now nearly a year old prepared in this man- 
ner have shown no deterioration. 5 cc. of this 20 per cent blood 
solution made up to 100 cc. with 0.4 ec. of ammonia solution and 
saturated with carbon monoxide, make the 1 per cent standard 
for use in the colorimeter and may be prepared from time to 
time as desired. The 1 per cent standard for routine use may be 
kept in a dark glass or black painted aspirator bottle, the lower 
opening of which is provided with a cork, through which passes a 
glass tube with a ground glass cock for withdrawing small amounts 
of solution. A glass tube is put through the cork in the top of 
the bottle and extends to the bottom. Both corks should be 
sealed with paraffin. This glass tube is connected with an open 
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gas fixture in order that when solution is withdrawn from the 
bottom, gas rather than air will enter to replace it. Solutions thus 
prepared may keep for several weeks; but, as a precaution, it is 
advisable to make fresh 1 per cent solutions frequently; 2.e., 
every 2 or 3 weeks. It should be remembered that dilute hemo- 
globin solutions are less stable than concentrated solutions; and 
that hemoglobin solutions keep best in the cold and protected 
from light. The first indication of solution deterioration is a 
change in color from the characteristic cherry-red of carbon 
monoxide hemoglobin to a red with a brownish tinge, due to the 
formation of methemoglobin. 

Comparison in Colorimeters.—The. Duboseq or Kober colorim- 
eters have proven to be by far the most accurate and satis- 
factory instruments for this colorimetric work. Other colorimeters, 
however, may be used. The difficulties encountered are those 
inherent in all colorimetric work and in this connection reference 
to Kober’s (12) article may be made. The color of the carbon 
monoxide hemoglobin, because of the relatively low stimulus 
threshold for the eye, is admirably suited to colorimeter compari- 
son, slight differences being easily detected. We prefer to use 
the daylight from a north window. Satisfactory results are, 
however, obtainable with artificial light when “daylight glass”’ is 
used between the source of light and the solution. Considerable 
experimentation with light filters has failed to improve on the 
accuracy with which the comparison may be made. No diffi- 
culty should be experienced in making the readings check within | 
0.2 of a single division on the colorimeter scale. 

Color comparisons are most accurate when the unknown 
hemoglobin solution reading falls between 9 and 11 on the colo- 
rimeter scale. If the reading of the unknown falls below 8 or 
above 12, another sample should be taken and the dilution made 
such that the reading will fall within these limits. This is easily 
accomplished by varying the amounts of blood and ammonia 
solution, making the necessary correction in the colorimeter. 
2 cc. of solution is adequate for the Kober instrument and 5 ce. 
for the Duboseq. If a Duboseq or a Kober colorimeter is not 
available, the Hellige instrument may be used. The 1 per 
cent hemoglobin standard may be sealed with paraffin into 
the wedge and the wedge, when not in use, kept in the ice box 
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and protected from light. Attention should be called to the fact 
that the scales of the Hellige colorimeter are often inaccurately 
placed. The standard solution must be checked against itself 
and the scale adjusted so as to read 100 when the color in the 
cup and wedge match. We have found more difficulty in ob- 
taining accurate checks with. this instrument than with the 
Dubosceq or Kober colorimeters; but with care the error should not 
exceed 2 per cent. 2 cc. of solution is sufficient for the Hellige 
cup, hence the Sahli pipette, which contains 0.020 ce. of blood, 
may be used with this colorimeter. As large errors have been 
found in the calibration of the Sahli pipettes, it is pty to 
recalibrate them before using. 

Accuracy of the Method.—The accuracy of the method de- 
pends to a large extent on the care of the operator in carrying out 
the various details of the technique. The several steps involved 
in the method are common chemical procedures with known 
limits of accuracy. With care duplicate determinations are close 
and the error should not be more than 1 per cent. A series of 
ten determinations was made on the same blood. In eight of the 
ten, the first reading of the colorimeter was in every case. exactly 
the same. In the two remaining a difference of 0:1 of a division 
on the colorimeter scale occurred. | 

In the following table are presented a few eecenere by 
the method described using the Duboscq and Hellige colorimeters 
and comparing with the values estimated from the oxygen 


Hemoglobin determinations. ggeceiag 
eels | Omyesn | Dubosea and | Gifterence. 
Duboseq. Hellige. capacity. capacity. 
per cent per cent per cent 
1 105.5 “104.8 106.5 E10 0.94 
2 95.2 92.0 94.2 =e) 1.06 
3 6128;3 125.0 129.5 +1.2 0.93 
4 *112:5 115.2 tie? —0.8 0.68 
5 116.2 116.3 116.4 Ht).2 0.17 
6 79.4 84.0 80.5 ed 1 1.36 
7 119.2 115.0 119.4 Pere 0.17 
8 84.0 85.0 apes) UES 0.95 
9 82.0 82.0 82.6 +0.6 0.73 
10 108.6 a 108.1 025 0.46 
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capacity of the blood. The first ten blood samples of a large 
series were chosen and illustrate the error in estimation which 
may be expected. Except in blood Sample 6, no variation between 
the colorimetric determination (Dubosceq) and the oxygen capacity 
method is greater than 1.0 per cent. 

Advantages.—(1) Single determinations may be carried through 
in 2 minutes. (2) An accuracy within 1 per cent is easily ob- 
tained. (3) The standard solution is easily and adequately con- 
trolled. (4) Similar solutions are used for comparison, making 
the color fields, within the limits of the colorimeter, identical. 
(5) The apparatus required is found in any well equipped 
laboratory. 


SUMMARY. 


A method for the determination of hemoglobin colorimetrically 
with an accuracy of 1 per cent is described. 
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GASOMETRIC DETERMINATION OF THE OXYGEN 
AND HEMOGLOBIN OF BLOOD. 


By DONALD D. VAN SLYKE. 
(From the Hospital of The Rockefeller Institute for Medical Research.) 
(Received for publication, November 30, 1917.) 


The apparatus described in a previous paper’ for determining 
the carbonic acid content of plasma may be used with equal 
facility for determining the oxygen content and the oxygen- 
binding capacity (hemoglobin) of blood. 

For determination of the oxygen capacity as a measure of the 
hemoglobin 3 or more cc. of blood are introduced into a sepa- 
ratory funnel or bottle and distributed in a thin layer about the 
inner wall, so that maximum contact with the air and complete 
saturation of the hemoglobin with oxygen are assured. The vessel 
is rotated for a few minutes so that the blood is kept in a thin 
layer, or it may be shaken for 15 minutes or longer on a mechani- 
cal shaker. ‘The saturated blood is transferred to a heavy test- 
tube or cylinder. 

The blood gas apparatus is now prepared by introducing into 
it five drops of redistilled caprylic alcohol and 6 cc. of ammonia 
solution made by diluting 4 cc. of concentrated ammonia to a 
liter. If saponin powder is available, as much is added to the 
6 cc. of ammonia while in the cup of the apparatus as will stick 
to the end of a glass rod. After the ammonia has been intro- 
duced into the 50 cc. chamber of the apparatus the latter is 
evacuated in the manner described in the previous article, and 
the air is extracted from the ammonia solution by shaking for 
about 15 seconds. The extracted air is expelled, and the extrac- 
tion completed to make sure that no air is Jeft in the solution. 
Finally, about 2 cc. of the air-free ammonia are forced up into the 
cup of the apparatus. 

The aerated blood is now thoroughly stirred with a rod to 


1 Van Slyke, D.-D., J. Biol. Chem., 1917, xxx, 347. 
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assure even distribution of the corpuscles, and a sample is drawn 
into a 2 ce. pipette and run under the ammonia in the cup of the 
apparatus. (The lower delivery mark of the pipette should be 
3 or 4 cm. above the tip. A pipette calibrated for complete 
delivery would be inconvenient for placing the entire sample of 
blood below the layer of ammonia.) The blood is now run from 
the cup into the 50 cc. chamber, the ammonia layer following the 
blood and washing it in. <A few additional drops of ammonia 
may if necessary be added from a dropper to make the washing — 
complete. 

The blood and ammonia in the chamber are mixed and all: wed 
to stand until the blood is completely laked. This requires about 
30 seconds when saponin is present, 5 minutes when it is not. 
After laking is complete 0.4 ec. of a saturated potassium ferri- 
cyanide solution is introduced to set free the oxygen combined 
with the hemoglobin. (The cyanide solution is made air-free by » 
boiling or by shaking in an evacuated flask and is kept in a burette 
under a layer of paraffin oil 2 or 3 cm. thick to exclude air.) 
The apparatus is now evacuated by lowering the levelling bulb 
until only a few drops of mercury remain above the lower stop- 
cock, and is shaken, preferably with a rotary motion, to whirl the © 
blood in a thin Jayer around the wall of the chamber. If the 
blood was completely laked before the cyanide was added, ex- 
traction of the oxygen may be completed by half a minute of 
efficient shaking. The extracted solution may be drawn into the 
bulb of the apparatus below the lower cock and the extracted gas 
measured over mercury as in the determination of carbon diox- 
ide. Or, since the water does not absorb oxygen rapidly enough 
to cause an error, the solution may be left in the 50 ce. chamber 
during the reading of the gas volume, the levelling bulb being 
held at a sufficient height to balance the column of water solu- 
tion.* Finally, in order to make certain that a]l the oxygen was 
obtained by the first extraction, the apparatus is evacuated once 
more and the blood shaken again for a half minute. If the read- 
ing shows no increase, it is evidence that all the oxygen was ex- 
tracted by the first evacuation. If there is an increase the 
extraction must be repeated again. If the blood is completely 


2 Van Slyke, J. Biol. Chem., 1917, xxx, 353. 
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laked before addition of the ferricyanide, the first shaking prac- 
tically always removes all the oxygen from the blood solution. 
Even when laking has been incomplete, however, or the first 
extraction of the blood otherwise made incomplete, the deter- 
mination is not lost; for the right result will be obtained if the 
extraction is repeated until the reading becomes constant. 

After each analysis it is well to wash out the 50 cc. chamber 
of the apparatus with the dilute ammonia solution, as a black 
precipitate is formed by reaction of the reagents with the mer- 
’cury. Unless this precipitate is removed it tends to coagulate 
after a few analyses and interfere with further determinations. 

After the blood has been saturated with air the entire pro- 
cedure above outlined, including the final cleaning of the appa- 
ratus, is done in routine determinations in 7 or 8 minutes. 

In order to calculate the oxygen bound by the hemoglobin it 
is necessary to subtract from the gas measured the volume of air 
physically dissolved by the 2 cc. of blood at atmospheric pres- 
sure and the prevailing room temperature. The volume of gas 
thus corrected may be reduced to standard conditions by mul- 
tiplying by (0.999 — 0.0046 #) x vimnncier 
perature in degrees centigrade. The volumes of air dissolved by 
the blood at different temperatures are given in Table I. They 
are calculated in accordance with Bchr’s finding, that the solu- 
bility of gases in average whole blood is 90 per cent of their solu- 
bility in water. The table also gives factors by which one may 
transpose the readings directly into terms of volume per cent of 
chemically bound oxygen in the blood, or of per cent hemoglobin 
on the basis of Haldane’s normal average, 18.5 per cent of oxygen 
in the blood being taken as equivalent to 100 per cent hemoglobin.® 

Unless one is well experienced with the conditions used for 
saturating the blood with oxygen, it is advisable, after one por- 
tion of a blood sample has been analyzed, to aerate the remain- 
- der a second time and repeat the determination, in order to make 

certain that the hemoglobin of the first portion was completely 
saturated with oxygen. | 


, ¢ being the tem- 


3 Haldane, J., and Smith, J. L., J. Physiol., 1899-1900, xxv, 331. 
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TABLE I. 


Factors for Calculating Results from Analysis of 2 Cc. of Blood Saturated 
with Air. 


ieieaeally dissolved Factor by which corrected gas volume is 
$eO cero bidod. Bubs multiplied in order to give: 
tract from gas volume 


Temperature.| read rs ee to obiae Hers coe hemoeteos 
corrected gas volume, | 9 hereatinbond calcula on the basis 
Feptesonting 0. 9et fre0)| "by 100 es.of blood. | Sf Hh Be ae 

globin. 

Ge CE: CC. per cent 
15 0.037 46.5 X ee 251 = 

2 aah suck 160 x 760 
16 0.036 46.3 « 250, 9% 
Le 0.036 46.0 a 249 SF 
18 0.035 45.8 ~ « 247 a 
19 0.035 45.6 x 246 2 
20 0.0384 45.4 yy 245 ia 
PA 0.033 45.1 as 244 on 
ae 0.033 44.9 “3 242 3, 
23 0.032 44.7" < 241 ) 
24 0.032 44.4 bi 240 
va 0.031 44.2 os 239 ‘ 
26 0.030 44.0 ad Zor rs 
26 0.030 43.7 pa 236 3 
28 0.029 4an0 “sc 235 = 
29 0.029 43.3 s 234 i 
30 0.028 431.00 233 


The following example illustrates the calculation: 


Observed gas volume, at 20°, 750 mm.................. 0.450 ce. 
Correetian for dissolved air sapere 0.034 “‘ 
Corrected':zas volume }).\. 3. pees ee. Oe ee 0.416 “ 


0.416 & 44.8 = 18.65 volume per cent oxygen. 
0.416 X 248 = 101 per cent hemoglobin. 

While the above description and the table are prepared to fit 
the analysis of 2 cc. samples of blood, which seems the desirable 
amount for ordinary purposes, either more or less may be taken, 
the volumes of dilute ammonia and ferricyanide used being 
changed proportionally. The following data show that good 
results are obtained with as much as 3 or as little as 1 ec. of blood, 
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although the error must be greater in the latter case because of 
the small volumes of gas obtained for the final reading. 


TABLE II. 
Determinations of the Oxygen Capacity of Ox Blood, Using 1 to 3 Cc. Samples. 


Per cent hemo- 
Volume of Oz I 
reduced to globin, caleu- 


Volumect | Toinpers-| Barome- | Cee, YO] Gas, solvme | GR Teo) mim. | lated x bane 
sample. tained. dissolved air. 460) ce. of cent Oz = 100 
beep piace eeeahe 
PPR sear is) Cite (+ hh, ey ita cc. ee gd aey per cent 
3.00 20 752 0.835 0.784 23.45 26.7 
2.00 20 752 0.558 0.524 23.49 —~ 126.9 
1.00 20 752 0.281 0.264 28.67 127.9 


For determination of the oxygen content of the venous blood 
as drawn from the body,.the preliminary saturation with air is 
omitted, and precautions, such as are described by Lundsgaard 
in the accompanying paper,* are observed in order to prevent 
contact of the sample with air. From the point where the blood 
sample is transferred to the cup of the apparatus for analysis 
the technique is identical with that described above. 

The calculation of the oxygen content is somewhat different 
from that of the oxygen capacity. The physically dissolved oxy- 
gen of venous blood is negligible, and thenitrogenas determined 
by Bohr is 0.9 volume per cent, reduced to 0°, 760mm.° There- 
fore the volume of gas obtained in the apparatus is at once mul- 
tiplied by the factor (0.999 — 0.0046 ¢) x panne to reduce 
it to standard conditions. In case 2 ce. of blood have been used, — 
the values of this factor in Column 3 of Table I may be used; in 
this case they give the content of the blood in chemically bound 
oxygen plus the dissolved nitrogen gas. The result in cc. of gas 
per 100 ce. of blood is diminished by 0.9 cc. in order to cor- 
rect for that amount of nitrogen gas present. 

The nature of the results obtained with the method and the 
degree of accuracy indicated by the agreement of duplicates are 
shown by Lundsgaard’s figures,* while Palmer’s show the agree- 


4 Lundsgaard, C., J. Biol. Chem., 1918, xxxiii, 133. 
5 Bohr, C., in Nagel, W., Handb. Physiol. Menschen, 1909, i, 117. 
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ment of the gasometric with the colorimetric determination of 
hemoglobin® by the most accurate use of the colorimetric tech- 
nique. It consequently appears unnecessary to reproduce in 
this paper further data to illustrate the results obtained with the 
method. 

SUMMARY. 


The apparatus previously described for determination of car- 
bon dioxide in blood is used with a similar technique for deter- 
mination of oxygen. The oxygen is set free from combination 
with hemoglobin within the apparatus by addition of ferricyanide, 
is extracted in a Toricellian vacuum, and measured at atmospheric 
pressure, a few minutes sufficing for an accurate determination. 


6 Palmer, W. W., J. Biol. Chem., 1918, xxxiii, 119. 


STUDIES OF OXYGEN IN THE VENOUS BLOOD. 
I. TECHNIQUE AND RESULTS ON NORMAL INDIVIDUALS. 


By CHRISTEN LUNDSGAARD. 
(From the Hospital of The Rockefeller Institute for Medical Research.) 


(Received for publication, October 17, 1917.) 


The term oxygen, content of the venous blood has been used 
in the literature in two senses. It is applied to the amount of 
oxygen in the blood in the right heart and also the amount in the 
venous blood of some organ or group of organs. 

In the blood of the right side of the heart the oxygen can be 
determined by using the lungs plus a bag (1-5) or a part of the 
lungs (6) as a tonometer. The air in the lungs is brought to 
equilibrium with the blood gas and a sample of the air is analyzed. 
In animals, samples of. blood can be drawn through a cannula 
introduced into the heart. 

Samples of venous blood from single organs can be obtained 
in animals when the technical difficulties can be overcome. 
Extensive studies have been made in the last few years, partic- 
ularly by Barcroft and his associates (7).! oo 

In adults the superficial veins of the limbs and neck, partic- 
ularly of the arm (vena mediana) are the only sources from which 
venous blood can be obtained.? That means that only blood 
coming from a limited region, consisting chiefly of muscles, can 
be studied. Consequently the field of investigation is limited. 
The conditions can be varied voluntarily only to a small extent. 
The results have to be interpreted chiefly in an empirical way 
and by means of general clinical cbservation. In spite, however, 
of limitations and a priori theoretical difficulties in interpreting 


1 For bibliography see Barcroft (7). | 

2 In the Pediatric Department of Johns Hopkins Hospital venous blood 
is obtained by puncturing the sinus sagittalis in babies. This method 
makes it possible to obtain venous blood without stasis from children 
where the superficial veins are too small. 
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the results, the question of the amount of oxygen in the venous 
blood in health and disease has always been considered important 
by physiologists and clinicians, although few investigations have 
been made. Not only are the observations on pathological cases 
few, but the determinations on normal individuals are even more 
scarce. The reason for this is probably that we did not have 
any means of determining blood gases in small quantities of blood 
until the Haldane-Barcroft method was devised. 


Kraus (8) determined the oxygen and CO: in the venous blood of a 
series of normal and pathological cases. Using the old blood-gas pump 
it was necessary for him to draw large quantities of blood, a circumstance 
which prevented repeated determinations in the same person. He found 
in some instances of incompensated heart cases very low values for the 
venous oxygen compared with that of normal individuals. Using the 
-Haldane-Barcroft method, Morawitz and Roéhmer (9) did eighteen deter- 
minations on three normal people, twenty determinations on nineteen 
patients with anemia, and one determination on a patient with polycy- 
themia. In some instances they found an increased consumption,’ in 
other instances a normal consumption in their patients. Means and New- 
burgh (10) using the Haldane-Barcroft method found, like Kraus, low 
values in four patients with incompensated heart diseases compared with 
those found in three normal subjects. - 


We know that in normal individuals the oxygen content of the 
venous blood is about 13.5 volume per cent, or two-thirds of 
the total amount in the blood when it is saturated. The values 
for the oxygen in the blood from an arm vein have not differed 
materially from the values obtained from the average blood flow- 
ing to the right side of the heart. A similar value has been 
obtained by calculation in the experiments on the blood flow 
done by Krogh and. Lindhard’s (11) method.’ In animals very 
varying figures have been obtained in blood from different organs 
(Bareroft, 7). 

However, our knowledge has been only approximate. Great 
variations occur; how great, or how caused, we do not -know. 
It is therefore necessary to establish the limits in not too small a 


3’The term ‘‘consumption’’ means the percentage of oxygen absorbed 
in the circulation. The arterial blood was considered saturated with 
oxygen. ¥ 

+See discussion of blood flow experiments in Paper II, J. Exp. Med., 
1918, xxvii, in press. 
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number of normal individuals before we can hope to be able to 
interpret results from abnormal individuals. This paper is a re- 
port of thirty-eight determinations on twenty normal individuals. 


Technique. 


Two operations are involved: first, the drawing of a sample of 
venous blood; and second, the determination of its oxygen content. 
The determination of the oxygen has been done by Van Slyke’s 
method (12): This method is quicker, easier to handle, and more 
exact than the Haldane-Barcroft, where the great volume of 
foreign air in the apparatus requires elaborate facilities for keep- 
ing the temperature constant. A determination with Van 
Slyke’s apparatus (including cleaning of the machine) requires 
5 to 10 minutes. The figure can be read with an accuracy of 
0.004 cc. Adding to this the inevitable error in measuring and 
delivering 2 ec. with a pipette, we can say that the difference 
between duplicates can always be-kept within 0.01 cc. of oxygen, 
which is 0.5 volume per cent of the 2 cc. of blood analyzed. As 
will be seen from the tables, duplicates usually agree much more 
closely. Greater differences are caused only by gross errors, 
such as by imperfect mixture of the corpuscles in the blood, or 
by allowing time for a slow oxidation (or deoxidation) of the 
blood between the two determinations (see below). 

The other part of the technique, the obtaining of 4 sample of 
blood, has been as follows: The arm from which the blood is 
drawn rests comfortably at the side of the body on a small, 
moderately soft pillow. The blood is drawn without stasis 
and the pulse and respiration are counted from the moment the 
blood appears. The apparatus for blood drawing consists of a 
very sharp needle connected by means of a 3 to 4 em. rubber 
tube to a glass pipette of about 0.5 cm. bore. The pipette and 
the rubber have a film of sodium oxalate crystals in them. This 
is obtained by wetting the interior with a saturated solution of 
oxalate, which is dried with a current of air. In drawing the 
blood one puts the upper end of the pipette into the mouth (some 


5 It might be more logical to start counting the pulse a half minute before 
the blood appears. However, the pulse rate usually keeps almost constant 
under the procedure if it is skilfully done. 
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cotton wool will prevent saliva from flowing down) and quickly 
introduces the needle in the proximal direction. After a little prac- 
tice it is generally possible to obtain blood at the first puncture. 
If the needle is duJl, unnecessary pain will be caused and the vein 
will probably escape the needle. If the point is too long, it will 
almost invariably hit the opposite wall of the vein before.the point 
is entirely within. The needle is introduced best at an angle of 
about 50° with the surface of the arm. The opening of the needle 
must be kept downward or to the side so that the upper wall of the 
vein will not close the opening when the blood is being drawn. In 
drawing the blood only a gentle suction is necessary, and if air 
should happen to be sucked through the blood the sample must be 
thrown away and a new pipette used. ‘The needle and rubber can 
often be kept 7m sztu while another pipette is connected with the 
rubber. When a sufficient amount of blood (6 to 12 cc.) has been 
drawn, the upper end of the pipette is closed by a finger and the 
needle withdrawn. Then the needle and the rubber are taken 
away from the pipette and the blood is discharged into a cylinder (2 
cm. wide and with a few oxalate crystals in the bottom) below a 
layer of white mineral oil at least 2 cm. deep. Just before the 
last 0.5 to 1 cc. of blood has run out, the pipette is again closed 
with a finger and withdrawn, because the upper part of the blood 
in the glass pipette has been oxidized and must be discarded. 
The bloodein the cylinder is then stirred up with a glass rod to 
secure a good mixing with the oxalate. From the cylinder 2 ce. 
samples of blood are introduced into Van Slyke’s apparatus below 
a layer of evacuated dilute ammonia as described by Van Slyke 
(12). Before a sample is taken the blood must be stirred up 
carefully to secure homogeneity. If the blood has been kept in 
an ice box for some time (see below) it is often difficult to secure 
homogeneity, even after it has gained room temperature. It gets 
more sticky and adheres to the sides of the cylinder. It is there- 
fore advisable to do the determinations on fresh blood. After the 
blood has been stirred with a rod, a 2 cc. pipette is introduced, 
the upper end being closed to prevent mineral oil from coming up, 
and after a few seconds’ additional stirring with the pipette, the 
sample is sucked up and discharged into the apparatus. The 
pipette must be calibrated for 2 cc. outflow, and may be cali- 
brated either for complete discharge or for discharge to a mark 
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on the lower stem. The latter is preferable, but the pipette for 
complete discharge gives in practice equally good results, because 
only a very little surface of blood touches the air, so the whole 
blood column may be used without introducing any appreciable 
error. The calculation of the amount of oxygen in the sample is 
simple (see p. 131, Van Slyke’s paper (12)). The determination of 
the total oxygen-combining power of the blood has in some instances 
been done with the Van Slyke apparatus, in other instances with 
Palmer’s colorimetric method (13). If the blood has been kept 
in an ice box for some time, it may be impossible to rely upon 
the homogeneity. Consequently when the main sample of blood 
is placed under an oil layer, a portion of about 1 or 2 ce. is trans- 
ferred to a special dish without oil and used for the Palmer de- 
termination. It is advisable to havea glass bead in this dish to 
stir the sample. ; 


RESULTS. 


The results are given in Tables I and II. Besides the date 
and hour of bleeding and of the determination, the pulse and 
respiration during the bleeding, three groups of figures are given. 
(1) The oxygen content of the venous blood in volume per cent 
corrected for temperature and pressure. In all instances double 
determinations have been done and the average has been taken. 
(2) The oxygen-combining power of the blood (hemoglobin), - 
in most instances calculated from the determination of the hemo- 
globin by Palmer’s method.’ (3) The difference between the 
oxygen in the venous blood and the total oxygen-combining power 
of the hemoglobin. 

This last figure is important. It is difficult to attach much 
significance to the figure for the venous oxygen, unless we know 
what percentage of the total oxygen-combining power of the 
hemoglobin the venous oxygen represents. The venous oxygen 
uncontrolled by hemoglobin determinations is as inicomplete as 
a nitrogen excretion considered without relationship to the nitro- 
gen intake. We have termed the difference between the venous 
oxygen and the total oxygen-combining power of the hemoglobin 


6T am greatly indebted to Dr. Walter W. Palmer, who has done the 
majority of these determinations. 
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the oxygen unsaturation of the venous blood, since it represents 
that portion of the hemoglobin which does not have its oxygen- 
binding values saturated. The term unsaturation is used in a 
sense analogous to that in which it is used in organic chemistry, 
defined by Webster as “‘falling short of saturation, not combined 
to the greatest possible extent.’’? 

Thirty-eight determinations on twelve different normal in- 
dividuals have been done. In Table I are given twenty determina- 
tions on one person, and in Table II eighteen determinations on 
eleven different people. Care has been taken to draw the blood 
from a person resting as completely as possible, because we know 
that an increase in the metabolism necessarily is followed by an 
increased oxygen consumption. Before the drawing of the blood 
the subjects rested on a couch for some time, in some experiments 
10 minutes, in others half an hour. In some instances the blood 
was taken in the morning, before getting up. It does not seem 
to make any difference whether the resting period is 10 minutes 
or 30. The oxygen content of the blood taken in the morning 
had a tendency to be low, particularly when the person had been 
awake only a few seconds. The average figure for the oxygen 
content in the twenty determinations on No. 1 is 13.7 volume per 
cent, with a maximum of 16.84 volume per cent and a minimum 
of 9.55. The average figure for the eighteen determinations on 
the other cases is 13.6 volume per cent, with a maximum of 17.98 
and a minimum of 10.36 volume per cent. 

The total oxygen-combining power (the hemoglobin) has varied 
from 21.44 (hemoglobin 116 per cent) to 17.50 (hemoglobin 
94.5 per cent). This must, of course, influence the amount of 
oxygen in the venous blood. In the determination in No. 27, 
for instance, the amount of oxygen in the venous blood is greater 
than the total capacity of the hemoglobin in No. 36. Such meas- 
ures illustrate the necessity of taking as a measure of oxygen 


7 The term oxygen consumption has been applied to the figure for which 
we prefer the more exact term unsaturation. The use of consumption in 
this connection implies that all the venous oxygen which the venous blood 
requires in order to be saturated is lacking for the reason that it has been 
consumed by the tissues. This assumption would be correct if one could 
always be certain that the arterial hemoglobin is 100 per cent saturated 
with oxygen. Since one cannot be certain of this, it seems preferable to 
use the term unsaturation, which is free from the above assumption. 
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consumption the oxygen unsaturation rather than the oxygen 
content of the venous blood. The average value of the oxygen 
unsaturation for Case 1 is 5.5 volume per cent, the minimum 
being 2.70, the maximum 8.95. The average for the eighteen 
determinations on Cases 2 to 12 is 6.0 volume per cent, with a 
minimum of 3.00, a maximum of 8.83 (Table IV). 

The determinations are too few to.allow an interpretation of the 
different causes of the variations.’ Series of determinations on 
different individuals under different conditions might throw 
light upon that problem. There is generally a decrease in the 
oxygen unsaturation with increasing pulse rate, but it is by no 
means invariable. It is worth mentioning that a value for the 
oxygen unsaturation of more than 8 volume per cent is found in 
only four instances, in all of which the blood was drawn in the 
morning, a few seconds after the subject awoke. In other words, 
the highest degree of unsaturation is found under circumstances 
where the metabolism is lowest, when the individual usually 
has his lowest pulse rate, and when all exciting impressions have 
been excluded for a considerable time. 

In some instances it has been impossible to do the blood analysis 
immediately after a bleeding. In order to find out how long, and 
under what conditions the blood samples can be stored, experi- 
ments have been done as shown in Table III. 

The figures show that the blood can be kept in an ice box at a 
low temperature (6°C.) for a considerable length of time (at least 
24 hours) before any appreciable changes take place. After a 
certain time the blood will absorb oxygen through the oil and the 
values will increase. [The opposite happens when the blood is 
kept in the laboratory. We cannot expect it to keep constant 
more than 2 hours. After that interval the oxygen content 
diminished rapidly, probably on account of bacterial action. 


8 A series of papers in which the technique described in this paper is 
applied to the clinical study of patients with heart disease will be published 
in The Journal of Experimental Medicine. 
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SUMMARY. 


1. A report is made of a series of determinations by the Van 
Slyke method of the oxygen in the blood drawn from the vena 
mediana in normal resting individuals. 

2. A procedure for drawing the blood without stasis or absorp- 
tion of air has been devised. | 

3. The difference between the total oxygen-combining power 
of the hemoglobin and the oxygen in the venous blood is cal- 
culated. This figure is termed the oxygen unsaturation of the 
venous blood. 

4. The results are the following: 


TABLE IV. 
Oxygen content of venous blood. {Oxygen unsaturation of venous blood. 
_No. of |No. of de- Vol. per cent. Vol. per cent. 
individ- | termina- 
uals. tions. Maximum.|/Minimum.| Average. |Maximum. |Minimum. | Average. 
12 38 17.98 9.55 13.6 8.95 2.70 | 5.8 
| | 
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ADENINE AND GUANINE IN COW’S MILK. 


By CARL VOEGTLIN anp CARL P. SHERWIN. 


(From the Division of Pharmacology, Hygienic Laboratory, Washington.) 


(Received for publication, November 19, 1917.) 


In the course of some work on the isolation of the antineuritic 
substance present in cow’s milk, we incidentally discovered that 
this food contains fair amounts of adenine and guanine. Inas- 
much as we were unable to locate any reference in the litera- 
ture to such findings, we present this brief note, which may be of 
interest in connection with the biochemistry of milk for the fol- 
lowing reasons: (1) milk is usuaJly considered to be practically 
purine-free and has been widely used in metabolism experi- 
ments as a purine-free diet; (2) milk was used as a diet in ex- 
periments to determine whether or not the animal body can syn- 
thesize purines and nucleic acid from purine-free food; (8) the 
mammary glands may act under certain conditions as an excretory 
organ for metabolism products, drugs, and poisons. 

Concerning the occurrence of purines in cow’s milk, Schmidt- 
Miilheim (18838) claims that he detected free hypoxanthine. 
Buridn and Schur (1897) state that they did not succeed in iso- 
lating uric acid from cow’s milk; however, the presence of xan- 
thine bases was established by means of the silver precipitate 
method. The following figures are given: 1 liter of cow’s milk 
yielded approximately 0.005 gm. of purine nitrogen in the silver 
purine precipitate. , 

One grave objection can be raised to the method employed by 
these investigators; namely, the use of AgNO3;, a reagent which is 
known to deaminize amino-purine unless it is used carefully. 
It is possible that the hypoxanthine which was isolated was in 
reality due to the deamination of adenine primarily contained 
in the milk. 
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EXPERIMENTAL. 


The milk was obtained from a herd of Jersey cows and repre- 
sented a mixed sample. 100 liters of milk were worked up in 
the following manner: The whole milk, after a thorough shak- 
ing, was made slightly acid with acetic acid. The curdled milk 
was then filtered by suction. To the filtrate an equal volume of 
95 per cent alcohol was added and again filtered. This seemed 
to remove most of the remaining protein and a clear transparent 
liquid was the result of this last operation. The addition of the 
alcohol also served a second purpose. As the fluid had to be 
evaporated to a very smalJl volume in vacuo, the addition of alco- 
hol lowered the boiling point of the solution, thus preventing over- 
heating. After evaporating the solution at 45°C. in vacuo to 
about 5 per cent of its original volume a thick white liquid 
remained. This residue contained fats, milk sugar, lipoids, 
traces of protein, as well as inorganic salts. The fats and lipoids 
were removed by repeated extraction with ether, and the protein 
was removed by a single filtration. The remaining liquid was 
acid in reaction (acetic), yellowish green in color, and had a 
syrupy consistency. After standing for 24 to 48 hours, crystals 
began to appear and after about 2 weeks (depending on concen- 
tration) the crystallization became complete. The crystals. were 
lactose. For the sake of convenience 8 liters of milk were worked 
up in this manner daily. The final volume of each lot of milk 
amounted to from 350 to 400 cc. The various portions were 
united and treated with a concentrated aqueous solution of either 
silver acetate or nitrate. “One-fourth of the entire solution 
(1,500 cc.) was thus treated with Ag acetate in excess. The re- 
mainder was precipitated with an excess of silver nitrate. The 
precipitate caused by the addition of the silver solutions to the 
milk residue was necessarily divided into two lots; silver purine 
precipitate from AgNO; and silver purine precipitate from silver 
acetate. Both precipitates were filtered off separately and washed 
well with cold water. , 


Treatment of Silver Purine Fraction. 


The AgNO; purine precipitate was washed off the filter, sus- 
pended in water, to which sufficient HCl had been added to 
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transform all the silver into AgCl. The latter was filtered off 
and the filtrate was carefully evaporated to a small volume 
in vacuo at low temperature in order to protect ‘the amino- 
purines from the destructive action of the nitric acid. The 
remaining solution was made alkaline with ammonia in order 
to precipitate the guanine. The guanine settled out as a gelat- 
inous mass, which was redissolved in dilute HCl and repre- 
cipitated with NH,OH. After drying this precipitate, an amor- 
phous white mass remained. 

The filtrate from the original guanine precipitate was treated 
with CO: in order to remove the adenine. This method did not 
prove satisfactory, so the solution was slightly acidified with 
HCl and treated with a saturated solution of picric acid in 
water. After some standing the resulting yellowish brown pre- 
cipitate was filtered off and recrystallized from water. It gave 
all the tests for adenine picrate. 

The silver acetate purine fraction was treated in the same 
way and corresponding amounts of guanine and adenine picrate 
were obtained. 

The total amount of adenine picrate from both fractions after 
recrystallization amounted to 1.141 gm. (0.72 gm. from AgNO3; 
0.421 gm. from Ag acetate) or 0.498 gm. of adenine. The total 
guanine collected (recrystallized) was 1.09 gm. 


Identification of Guanine. 


The guanine recovered from the purine fraction after repre- 
cipitation from acid solution by NH3 and drying was a white 
amorphous powder. It was converted into its different salts as 
follows. | 

Guanine Sulfate—A fraction of a gram of the powder was 
dissolved in dilute H2,SOs (warm) and allowed to stand over 
night on ice. The following morning long white rhombic needles 
had formed. The crystals were filtered off, dried zn vacuo-to 
constant weight, and then a melting point was taken. The 
crystals lose their water of crystallization at 118-120°. No 
definite melting point was obtained. 

Guanine Picrate——0.3 gm. of guanine was dissolved in dilute 
HCl and treated with a saturated aqueous solution of picric acid. 
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A substance crystallized out in the form of clusters of needles, 
only light yellow in color. The crystals were filtered off and 
dried at 100°. The substance had no true melting point but 
decomposed at 190—200°. 


0.1509 gm. of the picrate yielded on analysis 0.0422 gm. N or 29.29 per 
cent. Guanine picrate contains 29.41 per cent N. 


Guanine Hydrochloride.—A small amount of the guanine ob- 
tained from milk was dissolved in dilute HCI. On standing at a 
low temperature crystals formed in the shape of needles. These 
were filtered off and dried as well as possible in the desiccator 
over concentrated H,SO,. The substance did not have a definite 
melting point. 


0.1212 gm. of the substance yielded 0.0457 gm. N or 37.52 per cent. 
N calculated for guanine HCl = 37.26 per cent. 


Identification of Adenine. 


Adenine Picrate—Adenine picrate as obtained in the way 
previously described was dried at 105° and gave a melting point 
of 278—281°. 


0.0891 gm. of the picrate yielded 0.0276 gm. N or 30.98 per cent. N 
calculated for adenine picrate = 30.82 per cent. 


The picrate was sparingly soluble in hot water, practically 
insoluble in cold water. It crystallized in yellow needle-form. 


Recovery of Adenine from Adenine Picrate. 


From the adenine picrate the free adenine was obtained by 
treating the picrate with HCl and toluene-ether. The major 
portion was lost in this operation, but a small percentage of the 
adenine reclaimed had the following properties. 


Melting point, 350-360°; Kjeldahl nitrogen, 0.0722 gm. Adenine gave 
0.0372 gm. N or 51.52 per cent; N calculated for adenine = 51.85 per cent. 
The substance was recovered in the form of white needles. 
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SUMMARY AND DISCUSSION. 


As will be seen from the data reported, cow’s milk contains 
small amounts of both guanine and adenine. 1 liter of*milk 
contains at least 5 mg. of adenine and about 10 mg. of guanine. 
These values may be considered as minimum values, as the 
method of isolation of these amino-purines is by no means quan- 
titative. It is interesting to compare these figures with those of 
Kriger and Salomon (1898-99) dealing with the adenine and 
guanine content of normal human urine. These authors found 
in 10,000 liters of urine 3.54 gm. of adenine, no guanine, 10.11 
em. of xanthine and 8.50 of hypoxanthine (accordingly, 1 liter 
of urine contains 0.85 mg. of adenine and no guanine). The 
question as to whether the purines found in milk are derived from 
the blood purines or whether they are formed from the breaking 
down of the nucleic acid in the mammary gland is still left open. 
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THE NUTRITIVE PROPERTIES OF KAFIRIN. 


By ALBERT G. HOGAN. 


(From the Department of Chemistry, Kansas State Agricultural Experiment 
Station, Manhattan.) 


(Received for publication, November 22, 1917.) 


Agriculturists have known for years that the sorghum grains 
are peculiarly adapted to regions of light or insufficient rainfall, 
and for that reason they have urged that larger areas in the semi- 
arid regions be devoted to the culture of kafir, feterita, and milo. 
In view of the drouth-resisting properties of these grains, and 
their increasing economic. importance, it seemed desirable to 
investigate more closely their nutritive value. 

Such knowledge as we have of the individual proteins of kafir 
is largely due to Johns and Brewster (1916). These authors 
found that most of the nitrogenous matter of kafir, about 67 per 
cent of the total protein, was soluble in alcohol, and they coined 
the term kafirin for this particular protein. They made a careful 
chemical examination of the material, and for convenience, some 
of their results are included below. 

Analysis of an average of thirteen samples of kafirin gave: C, 
55.19 per cent; H, 7.36; N, 16.44; 8, 9.60; O, 20.41. The authors 
also determined the percentage of diamino-acids in kafirin by the 
Van Slyke method, with the following results: arginine, 1.58 
per cent; lysine, 0.90; histidine, 1.00; and tryptophane, present. 

Because kafirin forms such a large proportion of the protein 
of kafir, its nutritive properties were studied in some detail. 

A basal ration! was prepared in which, for all practical purposes, 
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kafirm formed the sole source of protein supply. In all cases 
this diet resulted in nutritive failure (Chart 1), and accordingly 
kafirin was supplemented with other deficient proteins, gliadin 
and gelatin, in the hope that some clue might be obtained to the 
amino-acid deficiencies of kafirin. ‘These proteins were added 
to the basal ration, in the proportion of 100 gm. supplement to 
each 1,000 gm. of the ration. The addition of gliadin, for a 
‘short time at least, barely sufficed to maintain the live weight 
of the animals; but the addition of gelatin enabled them to grow 
slowly. Both proteins were then added to the basal ration 
(Chart 2) in the proportion of 50 gm. of each to 1,000 gm. of 
the ration, with the result that apparently the animals grew still 
more rapidly than they did when gelatin alone was added. The 
data are illustrated graphically in Charts 1 and 2. 

It is evident, taking the period as a whole, that the rats re- 
ceiving both protein supplements grew more rapidly than the 
rats receiving only gelatin. Isolated periods could be selected 
in which the animals of this latter lot grew as rapidly as the others, 
but probably no especial significance should be attached to that 
point. Two or three obvious explanations for the behavior of 
these rats could be advanced, but the theory chosen tentatively 
was that there are at least two limiting factors in kafirin as a 
source of protein. Gelatin supplies one, and gliadin the other. 
The most conspicuous advantage of gelatin over gliadin as a 
source of amino-acid supply is its much larger percentage of 
lysine. In other respects, however, gelatin is decidedly deficient, 
as it lacks tyrosine, cystine, and tryptophane. Gliadin, on the 
other hand, is deficient in lysine, but contains the other three 
amino-acids in fairly satisfactory proportions. It seemed logi- 
cal therefore to assume that lysine is the first limiting factor in 
kafirin, and that the second is one of the three other amino-acids 
mentioned, tyrosine, cystine, or tryptophane. 

Some of the earlier work concerning the réle of tryptophane 
‘in nutrition has been summarized in an earlier paper (1917) from 
this laboratory. The important réle that cystine plays in nutri- 
tion has been demonstrated by Osborne and Mendel (1915). 
Their data show that when casein is the only protein in the ration 
cystine under certain conditions becomes a limiting factor. Ac- 
cording to Mathews (1915) casein contains 0.8 per cent of sulfur, 
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while according to Johns and Brewster (1916) kafirin contains 
only 0.6 per cent of that element. It is an assumption to cal- 
culate that all the sulfur of these proteins is cystine sulfur, but 
the data make it seem possible that the amount of cystine in 
kafirin is well below the optimum. 

The statement is frequently encountered in the literature 
that tyrosine is an essential amino-acid. Totani (1916) believes 
that tyrosine is not necessarily essential, and apparently the 
facts in the case have not been finally established. 

In an effort to investigate the deficiencies of kafirin more 
definitely, the amino-acids? mentioned were added directly to 
the basal rations. These additions were made singly or collec- 
tively as follows: lysine, cystine, lysine plus cystine, lysine plus 
tyrosine, lysine plus tryptophane. 

-The lot receiving the basal ration plus lysine grew slowly, in 
accordance with our expectations. Evidently lysine (Chart 2) 
is the first limiting factor in kafirm. Accordingly, in our other 
feeding trials (Chart 3), lysine was always made a part of the 
basal ration. The further addition of tryptophane to the diet 
did not increase the rate of growth, and a similar addition of tyro- 
sine (Chart 4) was equally ineffective. When cystine was super- 
imposed on this ration, however, the animals grew somewhat 
more rapidly. Small variations might seem insufficient to estab- 
lish this point, but the unanimity of the results seems conclu- 
sive. Furthermore, the marked acceleration in growth that 
follows the addition of cystine after it has been withheld for 
some time seems even more conclusive. Accordingly, our in- 
terpretation of the data is that cystine is the second limiting 
factor in kafirin. Charts 3 and 4 give the data in greater detail. 


2TIn some cases the tyrosine used was a Kahlbaum preparation, in 
others it was prepared by the author. The cystine, tryptophane, and 
lysine were prepared in this laboratory. 

The amount of lysine added varied from 3 to 6 per cent of the kafirin 
in the ration, but the larger amount seemed no more effective than the 
smaller. The cystine formed 5 per cent of the kafirin, and enough tyrosine 
was added to equal 4 per cent of the protein. 
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The Lysine Requirement of Immature Animals. 


The data bring out one fact of general application; namely, 
that lysine is indispensable, even for the maintenance of young 
animals. This point has been in doubt for some time because 
of the difficulty in proving that a diet contains no lysine. Gli- 
adin was formerly thought to lack that particular amino-acid, 
and because of that belief, earlier experimental work on the nu- 
tritive properties of gliadin was assumed to have special signifi- 
cance. Osborne and Mendel (1914) stated that rats maintained 
their live weight unchanged, but failed to grow when gliadin 
formed the sole source of protein in the ration. Their interpre- 
tation was that lysine is necessary for growth, but is not neces- 
sary for maintenance. When somewhat later the presence of 
lysine in gliadin was established, they (1916) recognized the 
element of doubt attached to their earlier pronouncement. The 
behavior of animals receiving their protein in the form of zein 
has also been interpreted as an indication that lysine is not 
required for the maintenance of nutritive equilibrium. Willcock 
and Hopkins (1906) found that mice receiving zein as the sole 
source of protein died in less than 2 weeks. ‘Those receiving 
zein and tryptophane were active after 16 days of zein feeding, 
but had lost weight. Wheeler (1913) obtained similar results, 
but even after fortifying the zein with tryptophane the animals 
constantly lost weight. Similar results are recorded by Osborne 
and Mendel (1914) in their series of experiments. Their animals 
receiving a zein plus tryptophane diet were at a nutritive stand- 
still or lost weight, though they grew rather rapidly on the further 
addition of lysine. 

The precise status of lysine in nutrition remained uncertain, 
however, because of the difficulty in estimating or even detecting 
small quantities of that amino-acid. Recently Osborne, Van 
Slyke, and collaborators (1915) published data indicating no 
inconsiderable quantity of lysine in gliadin. The method of - 
Van Slyke yielded an average result of 1.33 per cent, and the 
direct method of Kossel and Kutscher resulted in the recovery 
of 0.64 per cent of the gliadin as lysine. There is no doubt, 
therefore, that gliadin contains approximately 1 per cent of 
lysine, while kafirin, according to Johns and Brewster (1916), 
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contains 0.90 per cent. On the other hand, such evidence as is 
available points strongly to the complete absence of lysine from 
zein. Osborne and Leavenworth (1913) found no trace. Further- 
more, according to a theory advanced by Van Slyke and Birchard 
(1914), proteins containing lysine possess free amino groups that 
react with nitrous acid; but zein gives no evidence of such a 
reaction. Gliadin, on the contrary, according to their data 
yields 1.10 per cent of the total nitrogen as free amino nitrogen. 

Although this evidence may be questioned, yet such weight 
as it has is all against the presence of lysine in the zein complex. 
If the facts deduced from zein feeding contradict our findings 
while feeding kafirin, we have no explanation for the discrepancy. 


SUMMARY. 


Lysine is the first limiting factor in kafirin and cystine is the 
second. 
Lysine is indispensable for the maintenance of young animals. 
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Cuart 3. All these animals received a ration containing 15 per cent kafirin,! and 
lysine. Three of them, Rats 259, 260, and 261, received in addition tryptophane and 
cystine at the point shown by a. At point b, the cystine feeding was discontinued 
and thereafter these rats received as amino-acid supplements only lysine and trypto- 
phane. The other three animals, Rats 219, 233, and 265, received cystine in addition 
to the lysine at all times. 

The effects of cystine feeding are not marked, but the lot receiving this amino- 
acid made a distinctly greater gain than the other. The males normally grow faster 
than the females,-yet Rat 260 on the tryptophane ration, a male, grew somewhat 
more slowly than either of the females receiving the cystine diet. For a short time, 
the tryptophane lot received cystine, and it seems significant that in this brief period 
they should exhibit such a marked increase in the rate of growth. If the cystine 
feeding had been omitted, it seems probable that these rats would have made a still 
more unfavorable showing as compared with the cystine lot. 
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CHART 4. AThe data shown in this chart are not complete, as the in- 
vestigation was unavoidably interrupted. In spite of the fact that the 
period of these feeding trials was short, however, we believe that it was 
sufficiently long, at least when considered in relation to Chart 3, to admit 
of a final conclusion. 
(* Rats 259 and 261 had been receiving 15 per cent kafirin and lysine? plus 
tryptophane,” and Rat 265 “iad been on a diet of 15 per cent kafirin plus 
lysine plus cystine.? At the point indicated by a all were changed to a 
ration of 15 per cent kafirin plus lysine plus tyrosine.?. The rate of growth 
of the animals was apparently not affected, certainly it was not increased. 
At point b tyrosine was replaced by cystine, and the rate of gain was in- 
creased in all cases. In two instances it was marked. 
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THE OCCURRENCE OF LICHENASE IN. THE DIGESTIVE 
TRACT OF INVERTEBRATES. * 


By MINNA E. JEWELL anp HOWARD B. LEWIS. 


(From the RT of Physiological Chemistry of the University of Illinois, 
Urbana.) 


(Received for publication, November 19, 1917.) 


No animal enzyme has yet been found by which the hydrolysis 
of lichenin, the peculiar dextran of Cetraria islandica, may be 
accomplished. Of the vegetable enzymes, Saiki (1) has reported 
that the taka-diastase of Hurotiwm oryze and the inulase of 
Aspergillus niger were active in the hydrolysis of lichenin, while 
malt diastase was inactive, as previously observed by Brown (2). 
Examination of human saliva (1, 2, 3) and gastric juice (3), of 
extracts of the pancreas of the dog (1, 3) and ox (3), and of the 
intestine of the pig (1) for the presence of a lichenase have uni- 
_formly yielded negative results. In view of this resistance to: 
hydrolysis by the body enzymes of the higher animals, as pointed | 
out by Nilson (8), the problem of the utilization of lichens by 
animals, such as the reindeer, and in human dietaries offers 
many difficulties. Bacterial decomposition might be expected 
to play a role here, but:according to Saiki (1) cultures of Bacillus 
coli do not form reducing sugars from lichenin. | 

In connection with a Study of the fresh water crayfish, it 
was observed that extracts of the hepatopancreas possessed 
marked hydrolytic properties towards solutions of lichenin, and 
further investigations of certain other invertebrates disclosed the 
existence of lichenase in these animals. Accordingly, a system- 
atic search for the presence of lichenase in the alimentary tract 
of such vertebrate and invertebrate forms as were available - was 
undertaken. 

The lichenin used as a substrate was derived from three sources: 
(1) crude extracts of Iceland moss, (2) lichenin obtamed from 


* A preliminary account of this investigation was presented before the. ) 
Society for Experimental Biology and Medicine, New York, Dec. 20, 1916. © 
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a chemical supply house, and (8) lichenin prepared and puri- 
fied in this laboratory by the method of Berg (4). The first 
preparation was used only in comparison with one of the other 
preparations. Tests for isolichenin made on the other two 
preparations were uniformly negative (color with iodine). No 
differences were noted in these two preparations when used as 
substrates in the enzyme experiments. As controls of the activ- 
ity of the extracts under investigation, freedom from bacterial 
decomposition, etc., tests were also carried out on other typical 
carbohydrates, inulin, raffinose, sucrose, and starch, for the 
presence of other enzymes. In view of the widespread distribu- 
tion of amylase, it was thought that the absence of amylase 
would be indicative of loss of enzyme activity in the preparation 
of the extract. As an additional control, the tissue extract itself 
was incubated with an amount of water equal to the volume 
of the carbohydrate solution used. This was done in order to 
test for the presence of any polysaccharide (e.g., glycogen) which 
might be present in the tissue and yield a reducing sugar on 
autolysis. Only in the case of two of the mollusks studied (Unio 
gibbosus and Lampsilis luteola) was there found evidence of the 
presence of such a carbohydrate. In the experiments with these 
species comparative tests showed the presence of enzymes which 
acted upon the other sugars also. Control tests with boiled ex- 
tracts were also made in each case. All experiments were car- 
ried out at room temperature, at about 21°C. Toluene was used 
as a preservative. 0.5 per cent solutions of lichenin and 1 per 
cent solutions of the other carbohydrates were tested. Tests for 
reducing sugars! with Fehling’s solution were made after 1, 3, 
5, and 7 days. | . 

The hepatopancreas was chosen for investigation in most of 
the invertebrates studied (Nos. 4 to 18, Table I). In the small 
animals (1, 3, 20, Table I) the entire organism was used, while 
in the earthworm and grasshopper the entire alimentary canal 
was removed for examination. The animals were killed with 
ether, the tissues removed immediately, washed, and ground up © 


1 In a number of experiments the reducing sugar was further identified 
by the formation of the osazone. An osazone crystallizing from the 
hot solution, and identified microscopically as glucosazone, was obtained 
from the tubes showing reduction, but never from the control tubes. 
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with sand and water in a mortar. The extracts were then fil- 
tered through cotton. Extracts of the organs of the pig, sheep, 
and dog could not be made until from 12 to 24 hours after their 
removal from the body. 

The detailed results are shown in the tables. An enzyme 
capable of hydrolyzing lichenin with the formation of a reducing 
sugar was found to be present in the alimentary system of each of 
the twenty species of invertebrates examined (Table I), while in no 
case was such an enzyme observed in the alimentary tract of the 
vertebrates under investigation (Table II). In every instance the 
extracts of the vertebrate tissue were active, as evidenced by 
their strong amylolytic properties. This inactivity of extracts 
of the organs of the vertebrate alimentary system is in agree- 
ment with the limited number of observations of earlier investi- 
gators. Von Tschermak (5), however, has reported the presence 
of lichenase in the pancreas or intestine of half the number of 
normal rabbits examined in connection with his studies on adapt- 
ation of enzymes to diet. Glycerol extracts of the organs were 
used and the fermentation test was made as a criterion of the 
absence or presence of a monosaccharide after incubation of the 


. extracts of the tissue with the lichenin. Differences in tech- 


nique may account for the variations between his work and that 
of other experimenters. 

That lichenase was not uniformly distributed throughout the 
whole invertebrate organism was demonstrated by tests carried 
out on the extracts of the muscle tissue of the crayfish (Cam- 
barus virilis). Repeated examination of muscle extracts of this 
species gave no evidence of the presence of lichenase, although 
extracts of the hepatopancreas of the same individuals showed 
marked action on lichenin. It has been suggested by von Tscher- 
mak (5) that the enzymes for the hydrolysis of lichenin and 
inulin are closely associated or may even be identical (inulo- 
lichenase). The inulase of Aspergillus niger is also able to effect 
the hydrolysis of lichenin (1). In the present series of experi- 
ments there is no evidence of any close association between 
inulase and lichenase. While lichenase was found to be present 
in the alimentary tract of twenty different species, inulase was 
observed in only one instance, in the experiments with Lampsilis 
luteola. There is no apparent relationship between the occur- 


Phylum. 


Porifera. 
Annelida. 


(3 


Echinodermata. 


ce 


Mollusca. 


Protochordata. 


TABLE I. 


Species. 


. Marine sponge (?) 
. Earthworm (Helo- 


drilus caligino- 
sus). 


. Leech (Dina sp. ?). 
. Starfish (Asterias 


ochracea).* 


. Starfish (Asterias 


forbest). 


. Sea urchin (Stron- 


gylocentrotus 
drebachiensis). 


. Black leather chit- 


on (Katharina 
tunicata).* 


8. Giant chiton (Cryp- 


10. 


20. 


. Mussel 


. Snail 


tochiton stel- 


leri).* 


. Mussel (Unio gib- 


bosus). 
Mussel (Lamp- 
silis luteola). 
(Alasmi- 
donta margi- 
nata). 
(Planorbis 


trivolvis). 


. Snail (Physa gy- 


rina). 


. Crab (Hemigrap- 


sus nudus).* 


. Crab (Cancer pro- 


ductus).* 


. Mud crayfish (U po- 


gebia sp. ?).* 


. Shrimp (Pandalus 


SD Taee 


. Fresh water cray- 


fish (Cambarus 
virilis). 


. Grasshopper (Me- 


lanoplus differ- 
entialis). 

Sea squirt. (Cyn- 
iAa sp. 2s 


Inulin. 


Raffin- 
ee Sucrose.| Starch. 


+ 


++4|+4++ 


++4)+4++ 


“4. 
+(?) | ++ | ++ 


as 


++4]4+++ 
aan 

ae 

++ 

Bae 

a 

++ |++4|44++ 


++4]++4])+4++|/+++ 


a 


* The experiments with these species were carried out during the sum- 
mer of 1916 at the Puget Sound Station, Friday Harbor, Washington. 
Thymol was used as a preservative in these experiments instead of toluene. 
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TABLE II. 


Vertebrates in Which the Absence of Lichenase Was Uniformiy Demon- 
strated with Organ or Tissue Investigated. 


Class. Species. Organ. 
Pisces. Gold fish. Alimentary canal. 
Amphibia. Frog (adult and tadpole). . ce 
Reptilia. Horned toad.* os + 

, Garter snake. ip os 
a! Turtle (two species). Pancreas, upper portion of 
small intestine. 
Aves. Domestic fowl. oe 43 
Mammalia. Rabbit. + : y 

ia Pig. Pancreas. . 

a o Sheep. Small intestine. 

- Dog. Pancreas. 

Man. Saliva. 


* Obtained through the courtesy of Professor A. O. Weese, of the Uni- 
versity of New Mexico. 


rence of these two enzymes in the organism of the invertebrates 
studied. 

One other point in connection with the presence of enzymes 
other than lichenase is of interest. In the hepatopancreas of 
the two chitons (Nos. 7, 8, Table I) sucrase was absent. Since 
this enzyme is so widespread in its distribution examinations 
were made repeatedly on.these species with the same negative 
results as far as sucrase was concerned. Of the sixteen species of 
invertebrates examined for this enzyme, these were the only 
two in which the presence of sucrase could not be demonstrated. 

It was realized that with the preservative used, toluene, bac- 
terial action was not necessarily completely inhibited. In view, 
however, of the uniformity of the results, positive with inverte- 
brates, and negative with vertebrates, hydrolysis of the lichenin 
can hardly be ascribed to the action of the bacteria, since if bac- 
terial enzymes are concerned there is no reason why vertebrate 
extracts should not be contaminated with bacteria as frequently 
as invertebrate extracts. Moreover, it would be difficult to 
understand why inulin or raffinose should not be attacked as 
well as lichenin since many strains of Bacillus coli, one of the pre- 
vailing types of organisms of the alimentary tract, ferment 
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raffinose and inulin readily (6). Also according to Saiki (1), 
Bacillus colt does not attack lichenin. Experiments were con- 
ducted to determine the degree of bacterial contamination in 
the experimental tubes in which toluene was present as a preserva- 
tive. The alimentary canals of a number of grasshoppers were 
removed, macerated, and tests on lichenin made as before with the 
usual controls. After 24 hours, reducing sugar was present in 
considerable amounts. A_ bacteriological examination of the 
contents of the tubes was then made.? Agar plates showed 
four to eight colonies per cc, after 48 hours’ incubation at 37°C. 
Plates from the boiled controls gave: similar results. The pre- 
vailing organism was a long spore-forming bacillus of the subtzlzs 
group. The number of organisms can hardly have been great 
enough to cause the strong hydrolysis observed, especially since 
the unattacked control tubes showed equal bacterial contamina- 
tion. Extracts of the alimentary canal of grasshoppers were 
also thoroughly mixed with chloroform and toluene and allowed 
to stand 12 hours with frequent shaking. The clear extract 
removed with a sterile pipette showed marked hydrolytic action 
on lichenin. 

Chemical studies have led to few clear-cut distinctions between 
vertebrates and invertebrates. That a line of demarcation be- 
tween the two exists in a difference in the creatine metabolism 
seems probable. No invertebrate tissue has been found to con- 
tain creatine, while from the muscle of the lamprey-eel, the most 
primitive vertebrate examined, creatine was easily isolated (7). 
The results of the present study on a limited number of forms 
suggest a second distinction between vertebrates and inverte- 
brates in the presence of lichenase in the alimentary tract of the 
former. It is hoped that examination of more primitive verte- 
brates and higher invertebrates may show whether this differ- 
ence is general or not. 


2 The bacteriological examinations were carried out by Dr. J. A. Sperry, 
of the Department of Bacteriology, to whom we take this opportunity of 
expressing our indebtedness for his cooperation. 
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THE AMOUNT AND THE DISTRIBUTION OF CREATI- 
NINE AND CREATINE IN NORMAL HUMAN BLOOD. 


By ANDREW HUNTER anp WALTER R. CAMPBELL. 
(From the Department of Pathological Chemistry, University of Toronto.) 
(Received for publication, November 17, 1917.) 


Of the non-protein constituents of blood, some, such as potas- 
sium,! phosphoric acid,!'? lecithin,? free cholesterol? 4:5 and 
amino-acids,*» 7» are localized to a greater or smaller extent 
within the corpuscles; some, such as sodium,! calcium, chlorine,! 
cholesterol esters,> glucose,? and adrenalin,!® are more abundant 
in, or even entirely confined to the plasma; some, finally, with 
urea’: " as their most conspicuous known representative, main- 
tain a practically equal concentration in both. There are few 
important constituents of which the relative concentration in 


1 Abderhalden, E., Lehrbuch der Physiologischen Chemie, Berlin and 
Vienna, 1906, 591-593. ¢ 

2 Porte, A., Compt. rend. Soc. biol., 1914, Ixxvii, 467. 

3 Bloor, W. R., J. Biol. Chem., 1916, xxv, 577. 

4 Hepner, E., Arch. ges. Physiol., 1898-99, Ixxiii, 595. 

6 Bloor, W. R., and Knudson, A., J. Biol. Ghem., 1917, xxix, 7. 

6 Bang, I., Biochem. Z., 1915, Ixxii, 104; 1916, Ixxiv, 294. 

Book s..0,, 0.201. Chem, 1917, xxix,1191. 

8 Wilson, D. W., and Adolph, E. F., J. Biol. Chem., 1917, xxix, 405. 

®Macleod, J. J. R., Diabetes; Its Pathological Physiology, London, 
1913, 31. The distribution of glucose in the blood is, however, still the 
subject of debate. Quite recently Gradwohl and Blaivas (J. Lab. and 
Clin. Med., 1916-17, ii, 416), using the method of Lewis and Benedict, 
‘found the sugar content of the corpuscles in man to be nearly always 
the same as that of the plasma. 

10 Stewart, G. N., and Rogoff, J. M., Proc. Soc. Exp. Biol. and Med., 
1916-17, xiv, 79. 

11 Marshall, E. K., and Davis, D. M., J. Biol. Chem., 1914, xviii, 53. 
Karr, W. G., and Lewis, H. B., J. Am. Chem. Soc., 1916, xxxviii, 1615. 
In fish blood urea is chiefly localized in the corpuscles; see Wilson and 
Adolph.é 
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corpuscles and plasma is unknown; but to this category belonged 
until quite recently creatinine and creatine. 


The distribution of materials within the blood is not only a 


matter of considerable interest in itself; it possesses an obvious 
bearing upon many questions of much wider import. In the 
transport of materials to and from the tissues every element of 
the blood may play a part; but their actual passage into or out of 
the circulation can be effected only through the plasma. Proc- 
esses like absorption, or excretion, or placental transmission 


may therefore raise problems for the solution of which a knowl-- 


edge of concentrations in the blood as a whole is insufficient, 
and the determination of plasma concentrations, which may be 
very different, becomes a prime necessity. Creatinine and crea- 
tine, in what is already known of their behavior under physio- 
logical and pathological conditions, present a number of problems 
of this description. 

For instance, although creatinine is being constantly excreted 
by the kidney, the laws which regulate its passage through that 
organ are unknown; any attempt to formulate them presupposes 
an acquaintance with the variations of the plasma creatinine, 
which may or may not parallel those of the creatinine of the entire 
blood. Creatine, on the other hand, in spite of the fact that its 
concentration in the blood is greater than that of creatinine, is 
usually absent from the urine of the male adult; but we do not 
know whether this is because it is localized exclusively in the 
corpuscles, or because its elimination, like that of glucose and 
chlorides, is dependent upon the crossing of a certain threshold of 
concentration in the plasma. The doubt could be resolved, and 
fresh light might be thrown upon the occasional occurrence of 
creatinuria, if we had precise information regarding the actual 
distribution of creatine in the blood. During pregnancy, to take 
a problem from another field, creatinine and creatine are found in 
the fetal as well as the maternal blood; and it is natural to in- 
quire to what extent and in what manner these substances share 
in the transfer of materials from one circulation to another across 
the placenta. Obviously the question demands for its answer a 
knowledge of their concentrations in the respective plasmas. 
Even in pathological conditions a study of the relations under 
discussion might well reveal something of interest. The accu- 
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mulation of creatinine in the blood has shown itself to be a use- 
ful index of renal insufficiency; but we are as yet unaware whether 
the excess present in the circulation of a nephritic permeates all 
the elements of the blood, or accumulates in the plasma alone. 
If the latter alternative should prove to be correct, the varia- 
tions of the plasma creatinine in kidney disease would be even 
more striking than those of the whole blood creatinine, and would 
form a still more delicate index of the organ’s capacity to excrete. 
A separate study of plasma and whole blood creatinine and 
creatine in different pathological conditions might even reveal 
significant variations in the permeability of the corpuscles for 
these substances. 

It was with these considerations in mind that we undertook 
recently to add creatinine and creatine to the list of blood con- 
stituents with more or less definitely established distribution. 

In a preliminary communication,” in which each aspect of 
our interest in the problem was distinctly indicated, we have 
already presented an abstract of our earliest results. This con- 
stituted, as far as we have been able to discover, the first pub- 
lished contribution to the subject in relation to human, or in- 
deed mammalian blood; although some data upon the distribu- 
tion of creatinine and creatine in fish blood were simultaneously 
communicated by Wilson and Adolph.§ Among the conclusions 
which we thought to be justified by our observations the chief 
was that both in creatinine and in creatine the corpuscles are 
under nearly all conditions richer than the plasma. So long as 
the reliability of our methods was taken for granted no other con- 
clusion was possible. A continuation of the work along the origi- 
nal lines did nothing to modify the general tendency of our 
analytical results, but it gradually engendered doubts concerning 
their real significance. These doubts were not a little accentu- 
ated by the work of Wilson and Plass,!% who, dealing a little 
later with the problems upon which we were engaged, confirmed 
in a general way our view regarding the distribution in human 
blood of creatine, but upon that of creatinine reached a different 


12 Hunter, A., and Campbell, W. R., J. Biol. Chem., 1917, xxix, p. 
XVlil. 
18 Wilson, D. W.; and Plass, E. D., J. Biol. Chem., 1917, xxix, 413. 
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conclusion. We therefore deemed it necessary, before publishing 
a fuller account of our work, to satisfy ourselves upon the pre- 
cise value of the analytical methods which we had employed. 
The issue of this incidental, but necessary inquiry, the details 
of which have been recorded in another paper, was such as to 
necessitate a revision of some of our original conclusions. Dur- 
ing its progress we confined our attention, in the accumulation of 
additional data, almost entirely to the fundamental points of the 
amount and the distribution of creatinine and creatine in nor- 
mal human blood. It is to the results bearing upon these points, 
and to the interpretation of them which now appears to us the 
most plausible, that the present paper is principally devoted. 
Other problems, such as the relation of blood creatine to creatinuria, 
are touched upon only in so far as incidental observations offer 
occasion. It is hoped that the opportunity may yet arise to 
carry the inquiry further along each of the lines we have proposed. 


Subjects. 


The blood specimens, which for our present purpose were 
assumed to be normal, numbered 60, and were derived from 56 
individuals, who fall into three main groups. The first, Group 
I, consists of 26 male students and instructors, all, as far as 
could be judged, in perfect health; 2 of these provided three 
specimens each of blood so that the total number of analyses 
performed within this group was 30. The second, Group II, 
includes 20 hospital patients, male and female, mostly conva- 
lescent after childbirth or purely surgical complaints, and all 
free, as far as known, from organic disease. ‘This group is di- 
vided into two subgroups; but the distinction between them is 
one of date only, Group II A having been studied several months 
earlier than II B. The fina] group, Group III, is formed by 10 
healthy women in a late stage of pregnancy, of whom 1 only was 
as yet confined to bed. 

No subject has been admitted to any of these groups in whom a 
routine examination revealed evidence of organic disease. In 
this respect all equally were normal individuals; but of course 


14 Hunter and Campbell, J. Biol. Chem., 1917, xxxii, 195. 
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the figures yielded by Group I possess a rather better claim than 
the others to be regarded as standards. The patients of Group 
II were not exactly in the best physical condition, nor were they 
living under altogether normal circumstances; while, with ref- 
erence to Group III, we cannot at present be certain that even a 
| normal pregnancy is entirely without effect upon the relations 
we arestudying. The evidence furnished by Groups II and III 
is therefore to be taken as suggestive or confirmatory rather 
than conclusive in itself. 


Methods. 


The blood was taken from a superficial arm vein by means of 
& syringe, and its coagulation was prevented by the prompt 
addition of 20 per cent potassium oxalate in as nearly as possible 
the proportions prescribed by Folin.= The plasma was imme- 
diately separated from a portion by centrifugation. While this 
was being done, the subject was usually required to provide a 
specimen of urine. The analyses planned were then carried out 
with the briefest possible delay. They included the determi- 
nation of total and preformed creatinine in whole blood, plasma, 
and urine, together with the estimation, by means of the simplified 
hematocrit of Epstein,!® of the relative plasma volume in the 
oxalated blood.!” For the creatinine and creatine determinations 
in blood and plasma we employed the methods of Folin,” although 
the technique followed was not always precisely the same. Thus 
in many of our earlier observations we followed the directions of 
Myers and Fine!® in laking the blood before saturating it with 
picric acid; and in our creatine determinations we did not take 
the precaution, which we have Jately’* found to be desirable, of 
so diluting blood and plasma in every case that the same standard 
could-be employed throughout the series. In one respect at 


16 Folin, O., J. Biol. Chem., 1914, xvii, 475. 

16 Hipstein, i A., J. Lab. a Clin. Med., 1915-16, i, 610.” 

17Tn many cases, but not all, we had sufficient bleed to determine 
also the total non-protein nitrogen. It seemed hardly worth while to 
report individually the scattered results thus obtained. It may be stated 
that they ranged from 29 to 40 mg. per 100 cc., and that, as far as they 
went, they revealed no constant relation to the data for creatinine. 

18 Myers, V. C., and Fine, M. S., Chemical Composition of the Blood 
in Health and Disease, Cooperstown, N. Y., 1915, 19. 
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least our practice was absolutely uniform; the creatinine value 
of each color reaction was obtained by reference to the standard 
curves which we have recently deseribed.!? For the determination 
of creatinine and creatine in urine we usually employed the 
macro method, in which case the conversion of creatine was 
accomplished by the procedure of Benedict.?? Ina few instances 
we utilized the micro method of Folin.” The chief purpose of thé 
urine analysis was the detection and measurement of the creatine. 
The. creatinine results, which have yielded little of value in 
themselves, are recorded chiefly for the sake of completeness. 

The urine specimens were subjected also to a routine qualita- 
tive examination. 

Results. 


.The analytical results are shown in Table I.77 They are 
divided into the groups and subgroups already mentioned, and 
are arranged within each group so as to present an ascending 
scale of plasma creatinine. Certain other ways of arranging 
the results illustrative of special points discussed in the text 
are employed in the general averages at the end of the table. 
The corrections introduced into the table are made, as explained 
later, on the basis of conclusions reached in our critical exami- 
nation of the methods.'* The few figures given for creatine of 
the corpuscles are calculated from the whole blood and plasma 
creatine in conjunction with the relative plasma volume. | 


DISCUSSION OF RESULTS. 


It has been shown" that of the four creatinine determinations 
required in the complete analysis of blood that of the preformed 
creatinine of plasma has the best claim to accuracy. It is for 
this reason that we selected the plasma creatinine to determine 
the arrangement of our results; and for the same reason we shall 
discuss its variations before attempting to estimate the signifi- 
cance of our other data. 


18 Hunter and Campbell, J. Biol. Chem., 1916-17, xxviii, 335. 

20 Benedict, S. R., J. Biol. Chem., 1914, xviii, 191. 

1 Folin, J. Biol. Chem., 1914, xvii, 469. 

22 Many of them are taken from the thesis submitted by W. R. Camp- 
bell in partial fulfillment of the requirements for the degree of M.D., 
University of Toronto, 1917. 
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Plasma Creatinine. 


In our preliminary communication” we stated that the plasma 
creatinine of normal individuals is always Jess than 1.0 mg. per 
100 cc. This opinion was based on the nine results which con- 
stitute Group II A of the larger series here presented. It is now 
apparent that these results were by no means completely repre- 
sentative. The figures of Group I show that at least for healthy 
and active males the ordinary level of the plasma creatinine is 
somewhat higher than our early estimates. Of the 30 results 
within that group no more than 8 are below 1.0mg. A majority 
(17) are included by the values 1.1 and 1.2. The lowest is 0.80, 
the highest 1.3. The average of the whole group is 1.09, or in 
round figures 1.1. These data are furnished by a number of 
separate individuals (26) sufficiently large to make them fairly 
representative of their class. 

When it was found that Group I, our second series in point 
of time, gave generally higher values than Group II A, our first, 
we were inclined for a little to question the correctness of the 
earlier analyses. We therefore, by way of control, supple- 
mented these at a considerably later date by a further series of 
eleven determinations upon strictly comparable material. The 
results, constituting Group II B, do not differ im any essential 
respect from those of Group II A. One, it is true, shows a value 
as high as any found even-in Group I; but of the remainder none 
exceeds 1.0 mg., and eight are below it. The results in the two 
subgroups therefore mutually confirm one another, and form 
together a sufficiently concordant single series. Taking them as 
such we find that the plasma creatinine of Group II ranges from 
0.707% to 1.8, or, neglecting the last as a distinctly aberrant 
value, to 1.0. The average of all is 0.89, or, if we again exclude 


23 We have in our records one case only where the plasma creatinine 
appeared to be lower even than the minimum here reported. It was 
that of a female patient without known organic disease, supposed to be 
suffering from hysteria, who might fairly enough have been included 
in Group II. Her plasma creatinine was 0.58. This value remained 
so unique that, lacking opportunity to confirm it, we have hesitated to 
place confidence in the correctness of the analysis, and have therefore 
omitted it from the table. 
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the maximum from the calculation, 0.86. It is clear that the 
hospital inmates selected as normal individuals presented in gen- 
eral an unmistakably lower level of plasma creatinine than thé 
active male students. 

With respect to the cause or causes of this difference we can 
only speculate. Group II, unlike Group I, included a consider- 
able proportion of females. Several of its members showed an 
abnormally high relative plasma volume, possibly indicative of a 
certain degree of dilution of the blood. Three-fourths of them 
were confined to bed, and the others were at least leading a 
sedentary existence. All, it is safe to assume, were eating less 
than the more actively employed members of Group I, and some, 
it is known, were on a very restricted diet. It is not yet possible 
to decide what actual influence any or all of these circumstances 
may have exerted upon the plasma creatinine of the group as a 
whole. Certainly neither the first mentioned nor the second 
will wholly explain its relative lowness. For, while it is true 
that the average for the females of the group is lower than that 
for the males, and even that within each subgroup the maxi- 
mum for women is lower than the minimum for men, yet the 
males, considered apart, still yield distinctly less creatinine than 
those of Group I; and, although dilution of the plasma doubtless 
may diminish its creatinine concentration, there is evidence on 
the one hand (Cases 58, 59, 60) that it does not always do so, 
and on the other (Cases 8, 5, 36) that a plasma creatinine below 
the average may be encountered in blood which is the reverse of 
hydremic. Of the other two possible factors suggested, low 
diet and enforced inactivity, the latter is the one which seems 
the more likely to be of general importance; for the production 
of creatinine within the body is independent of the diet but 
intimately related to the condition of the muscular tissues.” 
It may well be assumed that few, if any, of our hospital sub- 
jects maintained themselves, while confined to bed, upon the 
same plane of muscular efficiency as the members of Group I. 
Provisionally therefore we are inclined to ascribe the low plasma 
creatinines of Group II partly to the female sex of some of its 
members, but largely to lack of exercise in its effect upon mus- 


4 Shaffer, P. A., Am. J. Phystol., 1908-09, xxiii, 1. 
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cular tone. If the associations thus suggested are correct, a 
low plasma creatinine would be characteristic of such cases as 
might be expected to have a low creatinine coefficient; and it 
is of some interest that according to Shaffer” there is found under 
similar conditions a smaller concentration than usual of creat- 
inine in the muscles also. The possible influence of prolonged in- 
action upon the plasma creatinine could obviously be put to 
experimental proof; and.a further examination of the question 
is accordingly in contemplation. Meanwhile it may be of 
practical clinical importance to note that a plasma creatinine 
of 1.2 mg., which would be perfectly normal in an active sub- 
ject, already verges upon the pathological for one who is resting 
in bed. 

The idea, suggested by the results within Group II, that fe- 
males have naturally a lower plasma creatinine than males, 
receives additional support from the data furnished by the sub- 
jects of Group III. These, as already stated, were all females, in 
whom pregnancy constituted the only deviation from normality. 
The ten plasmas included in this group contained amounts of 
- creatinine ranging from 0.71 to 1.2, seven of them falling below 
1.0 mg., and the average of all reaching only 0.92. These fig- 
ures certainly occupy a lower general level than those of Group 
I, with their minimum of 0.80 and their average of 1.1. It 
may, of course, be objected, that women advanced in pregtiancy, 
even if they are still taking a certain amount of exercise, can 
hardly be regarded as physiologically comparable with active 
young men. The comparison, at the end of Table I, of the 
general average for all males (1.04) with that for all females (0.87) 
has to be regarded with similar reserve. It is really only within 
Group II that difference of sex is not obviously complicated by 
some other circumstance of possible consequence. We are 
therefore not yet prepared to state with conviction, although we 
regard it as exceedingly probable, that the sex effect indicated 
by our figures has an existence independent of all other factors. 
To determine finally its actual importance, it would be necessary 
to possess for comparison with the data of Group I a series of 
observations upon active and healthy young women; unfortu- 


25 Shaffer, J. Biol. Chem., 1914, xviii, 525. 
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nately the opportunity of collecting such a series has not yet 
arisen.” 

There is no evidence in any of the groups that the variations 
of the plasma creatinine are definitely related to the age of the 
subject, at any rate within the limits of 12 to 55 years. 


Creatinine of Whole Blood and Its Distribution. 


In each of the 60 pairs of preformed creatinine determinations 
included in the table the whole blood yielded a higher value than 
the plasma. As far, therefore, as the immediate outcome of the 
analysis is concerned, our original report” receives here the fullest 
corroboration. If the colorimetric method were of the same ac- 
~ curacy in blood asin plasma, it would follow at once that, as we 
formerly announced, the creatinine of the blood is chiefly conéen- 
trated in the corpuscles. Unfortunately the condition of equal 
accuracy is not fulfilled. We have recently,“ on a careful ex- 
amination of the method, convinced ourselves that, as Wilson and 
Plass® had already assumed, the values reported for whole blood 
are an exaggeration of the truth. The extent of the exaggeration 
we found to vary with the individual instance and the particular 
technique employed. With the original technique of Folin," 
modified only by the use of standard curves!® in the interpretation 
of the colorimeter readings, the error, as we estimated it, amounts 
on the average to about 50 per cent of the quantity actually pres- 
ent. While therefore it is not possible to apply to each of the 
single determinations in our table a uniform correction, we are 
in a position to correct the average of any group of determina- 
tions in which the blood was not laked. Two such averages 
appear in Table I; one is that of 17 out of the 30 results in Group 
I, the other that of 27 (including the above 17) out of the total 
60. The two averages are practically identical (1.57 and 1.58). 
If these are 50 per cent in excess of the true average, the latter 
will be found by deducting from each one-third. This gives a 
_ corrected average of 1.05 for both cases. 


26 Plass (Bull. Johns Hopkins Hosp., 1917, xxviii, 137) states that the 
serum creatinine of women in purturition is the same as that of normal 
non-pregnant women, which again is somewhat lower than in normal 
men; but detailed data in support of these statements are not presented. 
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A comparison of this corrected average with the averages for 
the two corresponding groups of plasmas (1.09 and 1.03) shows 
that the difference in the creatinine content of whole blood and 
plasma is in reality practically negligible. It is, of course, not 
possible to say that there may not be in individual specimens a 
slight excess of creatinine in corpuscles or in plasma; but the 
conclusion to which the twenty-seven results considered indubitably 
appear to point is that in general the creatinine of normal human 
blood is ‘distributed among its different elements at a practically 
uniform concentration. Our previously expressed opinion upon 
the point is therefore abandoned, and the contention of Wilson 
and Plass sustained. Ke 

Lacking quantitative data upon the average error of the 
Myers’ technique, we are unable to apply any appropriate 
correction to results obtained upon blood which had been laked. 
Those figures, therefore, which are in parentheses in the table, can- 
not be utilized in the present argument. It will be noticed 
that the disproportion between them and the corresponding plasma 
results is in general greater than in the case of unlaked blood. 
Thus, the average for all 60 bloods, including as it does 33 which 
were laked, is not 50 but 75 per cent higher than the plasma 
average; and in individual cases, especially, it would seem, among 
puerperal women, laked blood appears to have twice or even 
thrice as much creatinine as its plasma. All this is in accord with 
our previous observations, and those of Wilson and Plass, upon 
the excessive tendency of the Myers’ procedure to exaggerate the 
whole blood creatinine. It may be remarked, though, that this 
tendency is much less obvious in the strictly normal cases of 
Group I than in either. of the other groups. 

The conclusion that the creatinine content of blood is in 
reality the same as that of its plasma has an obvious bearing 
upon the question of the normal limits within which the whole 
blood creatinine may range. According to Folin and Denis?’ 
these are 1.0 to 1.4 mg. per 100 cc.; according to Myers and 
Fine,”® 1.0 to 2.0. With such estimates as these our own uncor- 
rected results with whole blood are in substantial agreement. 


27 Folin, O., and Denis, W., J. Biol. Chem., 1914, xvii, 487. 
28 Myers and Fine, Post-Graduate, 1915, xxx, 39. 
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Our minimum is 1.1, our maximum 2.8; if results in puerperal 
women, which appear to be aberrant, are excluded, our maximum 
is reduced to 2.4, or, if we further limit the record to analyses of 
unlaked blood, to 2.1. Now, if it is granted that creatinine is 
uniformly distributed throughout the .blood, the correct cre- 
atinine content of the latter will be given not by the figures just 
quoted, which we believe to exceed the truth, but by those for 
plasma, which we have shown" to be substantially free from 
error. On that basis the normal range of blood creatinine is 
found to be 0.70 to 1.3, with an average of practically 1 mg. This 
range is all but identical with that which may be found among 
results for human plasma reported by. Plass** and by Wilson 
and Plass.4’ It indicates for the true creatinine content of blood 
a somewhat lower general level than the figures of Myers and 
Fine or even of Folin and Denis. It remains, nevertheless, of the 
same order of magnitude as these, and is very far from ap- 
proaching the extraordinarily low estimate of Gettler and Baker.?® 
These authors found that out of 30 bloods 26 contained only 0.1 
mg. or less of creatinine per 100-cc.; and Gettler,®° in a subse- 
quent analysis of 11 other specimens, indicates 0.5 as the upper 
limit of normality, and reports only 5 as having more than 0.1. 
For such results as these we have failed to find either confir- 
mation or explanation. The work of Gettler may be admitted to 
prove (see his Experiment V*°) that the limits of 1.0 to 1.4, as 
found by Folin and Denis, should be corrected to 0.95 to 1.7; 
but that will hardly serve to explain how Gettler and Baker ob- 
tain values as low as 0.1. 


Relation between Plasma and Urinary Creatinine. 


The determination of urinary creatinine was undertaken simply 
as a step in the detection and estimation of creatine, and not 
with any deliberate intention of studying the laws regulating its 
own passage through the kidney. Any such purpose would have 
necessitated the taking of many precautions which for the present 
were neglected. It did, nevertheless, seem possible that even 


29 Gettler, A. O., and Baker, W., J. Biol. Chem., 1916, xxv, 211. 
30 Gettler, A. O., J. Biol. Chem., 1917, xxix, 47. 
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the haphazard procedure followed might reveal some rough re- 
lationship between the plasma and the urinary concentrations of 
creatinine. As far as comparison of the two in individual cases 
goes, no indication whatever of any such relationship can be 
detected. On the other hand, when regard is paid only to the 
various averages scattered through Table I, a certain degree 
of correspondence becomes apparent. Indeed, if one limits the 
attention to the averages in which the number of urines concerned 
is more than ten, the correspondence becomes a fairly close 
one. The averages in question are for plasma U.87, 0.89, 0.99, 
1.03, 1.04, 1.09, and for urine 95, 124, 141, 166, 157, 163. It 
seems probable, therefore, that the plasma concentration is at 
least one among the many factors upon which the concentration 
of creatinine in the urine must depend. 


The Distribution of Creatine in Blood. 


The greater number of our creatine determinations had been 
already carried out, before it became obvious, through the work 
of Wilson and Plass,'* Greenwald,*! and ourselves,* that the 
method employed, which in the beginning was the only one avail- 
able, fell more than a little short of the accuracy necessary to 
our purpose. It seemed then best, instead of turning to other 
methods of as yet unproved reliability, to complete the series as 
it had been commenced, and to hope that, when due allowance 
had been made for the errors incurred, the results might prove to 
be not altogether without significance. The hope has been, we 
think, to a certain extent realized. At the same time we cannot, 
for conclusions based. upon admittedly inaccurate data, claim 
more than a provisional validity. In the discussion which fol- 
lows we wish therefore to be understood as dealing for the most 
part with suggestion rather than proof. Many, if not all, of the 
deductions drawn from our figures demand confirmation by a 
less dubious analytical method. 

On one point perhaps the results do actually amount to a 
demonstration. In every case the plasma yields for creatine a 
figure so far below that of the blood, that there can hardly exist 
a doubt that the bulk of that substance is carried in the cor- 


31 Greenwald, I., Proc. Soc. Exp. Biol. and Med., 1916-17, xiv, 115. 
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puscles. This conclusion, already formulated in our earlier con- 
tribution” to the subject, and later confirmed by Wilson and 
Plass,!° is not affected by the respective errors of the creatine de- 
terminations in blood and in plasma; for these are of such relative 
magnitude that existing differences are more likely to be con- 
cealed by them than exaggerated. We have shown" reason to 
suspect that the true creatine content of the blood is, roughly 
speaking, about one-half, and that of the plasma about one- 
fourth, of the amount: indicated in the colorimetric analysis. 
This estimate is not of such a precise character that it can be 
fairly applied to individual pairs of results, but it is perhaps 
not too crude to be used in a tentative correction of our averages. 
Modified accordingly, these averages vary, in the different groups 
distinguished, from 2.7 to 3.5 in the case of whole blood, and from 
0.40 to 0.62 in the case of plasma. The corrected averages for 
all cases in which creatine was determined at all are 2.97 (practi- 
cally 3.0) and 0.46. In general the proportion of whole blood to 
plasma creatine is about 6 or 7 to 1. Taking the average values 
reached along with the average plasma volumes corresponding, 
it is possible to calculate the average amount of creatine in the 
corpuscles; this appears to lie, in one group or another, between 
6 and 9, with an average for all cases of 6.7 mg. per 100 cc.” It 
may be remarked that all the figures for creatine, and especially 
those for corpuscular creatine, are higher in the female groups 
than in the male. These quantitative data are offered, as we have 
said, with due reserve and as first approximations at the best. 


3 There are no available data with which our estimates of corpuscular 
creatine can be directly compared; but Plass (Bull. Johns Hopkins Hosp., 
1917, xxviii, 297), who employs an improved analytical method, has re- 
cently published figures ranging from 5.99 to 15.29 (average, 10.8) as the 
total corpuscular creatinine of ten parturient women. He states further, 
without recording details and without indicating clearly whether he 
is dealing here with creatine or total creatinine, that non-pregnant women 
yield much lower values (6.2 to 6.5), and that in one male the corpuscular 
concentration was lower still (4.9). Our figures, it will be seen, agree 
with those of Plass in indicating a smaller proportion of creatine in the 
corpuscles of the male, and a special accumulation in those of pregnant 
women. Even with regard to the absolute amounts present there exists a 
gratifying measure of agreement between results obtained in such different 
ways. 
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If they should be confirmed, it would follow, after what has been 
said of the equa] distribution of creatinine, that the corpuscles 
contain from 5.5 to 10 times as much creatine as creatinine, 
while in the plasma it is the latter which is predominant. 


Relation between Creatine of Plasma and of Urine. 


This leads us to consider whether our results throw any light 
upon the question of the relation between the concentration of 
creatine in the plasma and its occasional appearance in the urine. 
Assuming that the permeability of the healthy kidney cells to 
creatine is constant, there would appear to be only two forms 
which this relation might assume; either creatine is promptly 
excreted upon its earliest appearance in a plasma which is nor- 
mally creatine-free, or else it passes the kidney only when its 
plasma concentration rises above a certain definite threshold.*4 
Now, if the individual data for plasma and urinary creatine are 
compared, it is impossible to detect any uniform relation between 
them. Plasma creatines of from k4 to 3.2 seem to be associated 
indifferently with the presence of creatine in the urine or its 
absence. It can perhaps be said that whenever the (uncor- 
rected) plasma creatine is lower than 1.4 the urine is creatine-free, 
and that whenever it is above 3.2 creatinuria makes its appear- 
ance; but the generalization includes in its scope such a small 
proportion of our cases that it possesses little significance. This 
apparent lack of a consistent relation is probably in part the con- 
sequence of the variable error involved in the single determination 
of plasma creatine. At any rate, when we compare averages, in 
which the error may be supposed to be more nearly constant, a 
certain regularity becomes at once apparent. 

In order to exhibit this more clearly we have in the 


33 In our preliminary communication” (p. xix), in the sentence dealing 
with the relative amounts of creatinine and creatine in the corpuscles, 
the words ‘‘first’’ and ‘‘second”’ are transposed in such a manner as to 
convey a meaning exactly the opposite of what was intended. When 
the abstract was printed this unfortunately escaped detection. 

34'The dependence of creatinuria upon a specific increase of renal per- 
meability constitutes a third possibility which cannot be entirely excluded, 
but for which there would not exist an exact analogy. 
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first part of Table II arranged all the averages for plasma cre- 
atine (none of which is drawn from less than seven separate 
determinations) in ascending order of magnitude, placing beside 
each of them the average uriary creatine of the group to which 
it belongs. The figures are then seen to fall readily into three 
sets. In the first, consisting of four examples with a plasma 
creatine (corrected) of about 0.4, the urinary creatine is never 
greater than 5; in the second, two examples with a plasma creatine 
of 0.46, the urinary creatine lies between 8 and 15; while in the 
third, three examples with a plasma creatine of about 0.6, the 
urinary creatine ranges from 17 to 32. Unfortunately the evi- 
dential value of this apparent correspondence is not so great 
as it seems; for, in consequence of the occasional incompleteness 
of the analytical record, the respective averages for plasma and 
for urine are not invariably drawn from the same set of indi- 
viduals within the group which they are taken to represent. 
From this objection the figures which constitute the second part 
of Table IT are free. They are averages which have been com-- 
puted from those cases only in which both urine and plasma were 
successfully analyzed for creatine. The cases conforming to 
this requirement (46 in number) have been regrouped with refer- 
ence simply to the concentration in which creatine was being ex- 
creted at the time of the analysis. Thus in the first group (26 
cases) the urine was creatine-free; in the second (9 cases) it con- 
tained less than 10 mg. per 100 cc.; the third included all of the 
20 cases In which any creatine at all was present; while the fourth 
embraced those only (11) in which the concentration of creatine 
was higher than 10 mg. per 100 cc. The data yielded by these 
groups indicate with clearness the association of a regular in- 
crease in the average creatine content of the urine with an equally 
regular, though of course much more gradual rise in the average 
level of the plasma creatine. They therefore afford an un- 
equivocal confirmation of the conclusions to which the first 
part of the table had already pointed,—that the concentration of 
creatine in the urine bears a direct relation to that in the plasma, 
and that a slight increase in the Jatter (as little as 0.1 mg. per 100 
cc.) suffices to bring about a copious excretion. 

Had it been possible to put absolute confidence in the analytical 
data for plasma creatine, the last results would have demon- 
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TABLE II. 


Comparison of Average Creatine Contents of Urine and Plasma. 


Plasma creatine Uiinary 
No. of er eL02 cee creatine 
cases. So) ares per 
or- | 100cc. 
Found.| vected. 


Description of group. 


A. Grouping determined by case classification. 


mg. mg. mg. 

PA Ee OIMIEOU DEL leo a) ie ues os 1 oo Lol tae 0187 |) .2.5 
PMOMET Te SMM et oo ie BR os od sh ayn a 40 1.64 | 0.41 2.9 
SR LP PEELOOC UNG KOO gi) opps sas» Gy eatin eee pal GG O42 5.0 
UPR CEIGICS kc ence dts cc ores 29 el 70 420-421 3. 1 
Peet cmales and-femules)y.0 30. 1 Soe ae. 189) Les Order 14:4 
INL SE RUGA GS oa Bee oO RE ee Se bene Ba read 54 | 1.85 | 0.46] 8.6 
Females of Group II........ Biden: Weeridi ne okh 3 7 | 2.43 | 0.61 | 31.4 
EIS TE COP OSE ia eg nae ts ee fare he sees TAS 2 45 OBL 254 0 
Crore LULA Ce cr te.) Ot es sot os tae Sack € cl 2547 eR OVGISIBE LEO 


B. Grouping determined by concentration of urinary creatine. 


Prines ereatine-(ree. ee ee ook clin ok ie coe WL. oo WO.40 cba 
BemCOltaiolie lesseinanOing ) eo «ola: 9 | 1.62] 0.41] 4.8 
re ey any creatine whatever....... Dewan 020 0 oltigto rs 
- 4 more*thanlOme..:. 8.7107. PEP e234 07596 2927 


strated one point more; the existence, namely, of a threshold for 
creatine, the level of which they would have fixed sharply at 
0.4 mg. per 100 cc. But the unreliability of the determination 
renders exceedingly doubtful the significance of a quantity as 
small as that. Indeed the extreme lowness of the threshold in- 
‘dicated (it would be surprisingly low even if the original figures 
needed no correction) is enough in itself to throw suspicion upon 
its reality. Thresholds of established importance, like those of 
glucose and chlorides, seem to be generally of much greater mag- 
nitude. The idea that there may be a normal constant of this 
sort for creatine receives moreover, it must be admitted, no 
support from the results of Wilson and Plass,!* who. used a 
method of analysis presumably more accurate than ours. The 
figures they present indicate rather the complete absence of 
creatine from the plasma in cases where the urine is ordinarily 
. creatine-free, and its presence in those only where creatinuria 
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is the rule. Their evidence, unfortunately, is in some respects 
as defective as our own. The number of human cases they re- 
port is but nine in all,.and in none of them was the urine actu- 
ally analyzed. A final settlement of the question of a creatine 
threshold must therefore await the. collection, by methods of 
unquestioned accuracy, of data more complete and reliable than 
any that we yet possess. 


SUMMARY. 


1. The creatinine content of normal human blood plasma 
ranges under different conditions from 0.70 to 1.3 mg. per 100 
cc., the average for 60 specimens examined being 1 mg. 

2. It is practically certain that the creatinine of normal blood 
. is distributed through corpuscles and plasma in uniform con- 
centration. 

3. The figures given for plasma indicate, therefore, also the true 
creatinine content of whole blood. 

4. The blood creatinine is apt to be lower in females than in 
males, and lower in subjects deprived of exercise than in those 
leading an active life. It is suggested that the blood creatinine 
is related to muscular development in much the same way as the 
creatinine coefficient. 

5. The creatine of the blood is chiefly concentrated in the cor- 
puscles. With the method used exact determinations were un- 


~~ attainable, but it is roughly estimated that the average creatine 


content of the corpuscles lies between 6 and 9 mg. per 100 cc., 
while that of the plasma is not more than 0.4 to 0.6. The blood 
as a whole contains apparently an average of about 3 mg. per 
100 cc. There seems to be more in the blood of females than of 
males. 

6. There is a distinct correspondence between increase of 
plasma creatine and the appearance of creatine in the urine; but 
whether the plasma, in the absence of creatinuria, 1s creatine-free 
or whether there exists a threshold for creatine excretion, has 
not been positive'y determined. If there is a threshold, it is a 
very low one. 


We take this opportunity of thanking the students and instruc- 
tors of Toronto University Medical School who permitted us to — 


A. Hunter and W. R. Campbell aL Ole 


examine specimens of their blood. It is a pleasure also to ac- 
knowledge the courtesy with which Doctors B. P. Watson, K. 
C. Mellraith, A. McPhedran, G. W. Ross, W. B. Thistle, F. N. 
G. Starr, and G. A. Bingham, all of the staff of the Toronto 
General Hospital, permitted us to use material from the wards 
under their charge. 


’ oa : = 
; ” . a C asf ay 4 rm ay ) (am 
Was , '. “oe « Tou) ey ; ‘an A) 
. 5 (f 5 ee jae ak ¥ gi tee, ANS bY 
ae: . J eel 4 : 
? ag AE Pi) 
sw an ae Doty 
i : ie 7 . 
; Rae 2 art ee 
' BAD aay sel JC RT ee a a tif, 
= cs f ’ ‘ 7 ey 
4 : : We oO rey LO B Bas tin Be 
o¢ , ive vo h CO 4, 
rn el ee ‘ me 
' ; bar ae 
€ : y . i an , Ae AG ie) 
: A ‘ \ ) 
wae \ 
= oe =) 
, ar 
4 
A = 
A 
. 
; x : 
Pe: 
Ta 
‘ y ie 
) 
' . a) 
2) « » 
4, Ea 
\ 
rie s 
4 bee 
¢ 
J - ; 
f 
Z } 
b ya 
\ rae ae yA 
ne ="s 
ra Age Ay iy 
ra 
Le 
3 i 
' 
y i 4 
- ‘ 4 4 


<i! 
Pati » 1,” , “ ’ j 


THE INFLUENCE OF THYROID FEEDING UPON CAR- 
BOHYDRATE METABOLISM. I. 


THE STORAGE AND MOBILIZATION OF THE LIVER GLYCOGEN 
IN THYROID-FED ANIMALS. 


By SHIGENOBU KURIYAMA. 


(From the Sheffield Laboratory of Phystological Chemistry, Yale University ty 
New Haven.) 


(Received for publication, November 24, 1917.) 


An earlier paper! dealt chiefly with the influence of thyroid 
feeding upon the glycogen content of the liver and the sugar 
content of the blood. In the present series, I have investigated 
the glycogenetic and glycogenolytic action. of the liver of thy- 
roid-fed animals, the influence of thyroid feeding upon the liver 
glycogen of frogs, the interrelations of the thyroid and adrenals, 
acidosis after thyroid feeding, and the influence of alkali upon 
the diminished content of liver glycogen of thyroid-fed animals. 
Desiccated thyroid (Parke, Davis and Company) was usually 
fed, although fresh pig thyroid was used in one series of experi- ' 
ments. The methods employed for feeding and for determining 
the liver glycogen and the sugar of the blood or urine were the 
same as described in the first paper,! unless otherwise specified. 


The Formation of Liver Glycogen in Thyroid-Fed Rats upon a Very 
High Carbohydrate Diet. 


The glycogen content of the liver is rapidly decreased to the minimum 
by thyroid feeding, and is readily restored by omitting thyroid tissue 
from the diet. On the other hand, the liver of the thyroid-fed animals 
apparently does not increase its glycogen content as easily as that of 
fasted rats after parenteral administration of dextrose.! The increased 
need for energy-producing materials in hyperthyroidism may be the 
only cause of these phenomena, or it may also be that the glycogenetic or 
glycogenolytic action of the liver is somewhat affected. Though in vivo the 


1 Kuriyama, 8., Am. J. Physiol., 1917, xliii, 481. 
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thyroid hormone is thought to accelerate the oxidation of carbohydrates,? 
King? reported that in vitro the dextrose-destroying power of a mixture of 
muscle and pancreatic juice (reported as polymerization by others) is 
markedly retarded by the addition of thyroid juice. Mackenzie,* however, 
observed that thyroid juice has no influence upon blood glycolysis in 
vitro. Opinions as to the glycogenetic function of the liver in some 
pathological conditions, where the liver glycogen promptly disappears, 
are still controversial. Grube® claims that perfusion of livers with phlor- 
hizin not only prevents formation of glycogen from dextrose, but also 
breaks down part of the glycogen previously existing. Schdndorff and 
Suckrow,® repeating these experiments, failed to confirm them. Accord- 
ing to Neubauer,’ in phosphorus poisoning as well as in pancreatic dia- 
betes, the liver is affected in its function of forming glycogen from glucose, 
-while this does not hold for levulose. Nishi’s experiments,* however, show 
that the glycogenetic function of the liver of depancreatized animals 
remains normal. 


_ If an increased oxidation is the only or at least the chief cause 
of the decrease of liver glycogen in hyperthyroidism, a large 
amount of a very high carbohydrate diet might cause the storage 
of glycogen in the liver of thyroid-fed animals. Some AD 
ments were made to test this. 

Methods.—As the usual food, a paste, made of 70 parts of dog 
biscuit (rat biscuit which is specially prepared for feeding ex- 
periments by Drs. Osborne and Mendel was not used this time) 
and 30 parts of lard, was given, and as extra carbohydrate, 
sucrose was added. Giving the dog biscuit-lard diet freely to 
normal rats, Osborne and Mendel? reported that about 4.5 to 9 
gm. per day of the food administered to a 150 gm. albino rat or 
9 to 13.5 gm. to a 300 gm. rat, are enough to maintain or even 
to increase the body weight. In my experiments, owing to the 
frequent decrease of the appetite of the thyroid-fed animals, not 
much more food than this average could be given. 1 gm. of 


2 Cramer, W., and McCail, 2t., Quart. J. Exp. Physiol., 1917, xi, 59. 

3 King, J. H., J. Exp. Med., 1909, xi, 665. 

4 Mackenzie, G. M., J. Hap. Med., 1915, xxii, 757. 

5 Grube, K., Arch. ges. Physiol., 1909, exxviii, 118. 
_ ®Schondorff, B., and Suckrow, F., Arch. ges. Physiol., 1911, exxxviii, 
538. 

7 Neubauer, E., Arch. exp. Path. u. Pharm., 1909, Ixi, 174. 

8 Nishi, M., Arch. exp. Path. u. Pharm., 1910, Ix, 170. 

® Osborne, T. B., and Mendel, L. B., Carnegie Institution of Washington, 
Publication No. 156, pt. i, 1911, 16. 
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desiccated thyroid, mixed with 2 gm. of paste, was given in the 
afternoon, and after this food was eaten, 10 gm. of paste were 
put in the cage. On the last day of the experiment, 1 gm. of 
paste with desiccated thyroid was given at 9 p.m. After this 
was eaten, 1 gm. of paste and a certain amount of sucrose, mixed 
with a small amount of water, were given. At 9 the next morn- 
ing the animal was killed and the liver glycogen determined. As 
control experiments, a few rats were fasted for 72 hours. At 
the end of this period, a certain amount of paste or sucrose 
was given to some of them, the rest still kept fasting. 12 hours 
later all the animals were killed and the liver glycogen was de- 
termined. Neither thyroid-fed, nor control animals showed any 
diarrhea. The results are detailed in Tables I and II. Rats 
III, IV, and V in Table II are the same animals which were 
shown in this Journal!° The body weight of these three was 
taken at the end of the 72 hour fasting. In calculating the 
calories of the food of the last experimental day, the dog biscuit- 
lard mixture, designated as ‘‘paste,’’ was considered to have 5 
calories per gm., desiccated thyroid 4.1 calories per gm. 

As will be seen in these tables, the storage of glycogen in the 
liver of thyroid-fed rats is much less than in fasted rats. In 
some thyroid-fed rats, however, the liver was able to store a 
noteworthy amount of glycogen. A 72 hour fast decreases the 
liver glycogen to the minimum; and a small amount of paste or 
sucrose was enough to make it reappear abundantly within 12 
hours. During the same length of time, the thyroid-fed rats 
ingested several times as many calories as the fasted animals. 

Rudinger’ reported that in Graves’ disease the oxidation of 
protein is abnormally increased and the administration of too 
much protein accelerates the activity of the thyroid, while the 
diet with a large‘amount of carbohydrate has a counter effect, the 
hyperfunction of the thyroid being retarded by an antagonis- 
tic action of the accelerated pancreatic function. According to 
Cramer and McCall,? the oxidation of carbohydrate is also in- 
creased in hyperthyroidism. Investigating the respiratory gas 


10 Kuriyama, S., and Mendel, L. B., J. Biol. Chem., 1917, xxxi, 136. 
11Rudinger, K., Wien. klin. Woch., 1908, xxi, 1581. 
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interchange, Magnus-Levy,” Thiele and Nehring, and Salomon" 
reported that both healthy men and myxedema patients treated 
with thyroid substance and also patients with Graves’ disease 
show an increase of 20 to 80 per cent in the amount of oxygen 
consumed. In experimental hyperthyroidism under the present 
conditions this inerease may be much higher. Although no 
diarrhea was evident in my experiments, digestibility of a very 
high carbohydrate diet must also be taken into consideration. The 
oft reported decrease of the assimilation limit of carbohydrate 


TABLE II. 


The Formation of Liver Glycogen by Administration of a Certain Amount of 
Food in Fasted Rats. 


Date UUs istic x Mad bese vw as I II Til IV V VI VII 
OGY IWelg hte Git. noe oak, 204.0) 224.0) 150.0) 255.0} 250.0) 207. 0 219.5 
Food aiters|, Paste, gis...) 2:0|4 0.5 “0 0 
72 hour 0 0 0 
fasting Sucrose, gm..| 0 Pei e 20) 65.0 
period. Mima aaa eiactloaa Bio 
Calories...... TOSO) eS. (i S.2h 20.5 0 0 0 
Loss of body weight, gm....|—19.8|—25.7|—30.0/—38.0} —48.0| —24.5| —22.0 
ee] ad A 
Weight, gm....... 6.0'536,2\-94.2| | 6:9 4.5 5.3 4.9 


TipetaleClncoren {[mg.....| 189.0) 322.4} 216.1) 399.6 


ae Trace. 0 | Trace. 
POM” | ver cent} 3.2) 5.2| 5.2) 5.8 


in Graves’ disease does not seem to be so great and is not always 
an accompanying symptom. From my experiments, it will be 
seen that under suitable conditions, the liver of thyroid-fed rats 
can store a certain amount of glycogen. Whether the remarkable 
difference between the thyroid-fed and fasted animals in forming 
the liver glycogen is due only to an increase of general metabolism 
cannot yet be clearly answered. 


12 Magnus-Levy, A., Berl. klin. Woch., 1895, xxii, 650; Deutsch. med. 
Woch., 1896, xxii, 491. 
13 Thiele, O., and Nehring, O., Z. klin. Med., 1896, xxx, 41. 
~14 Salomon, H., Berl. klin. Woch., 1904, xl, 635. 
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The Diastase Content of the Liver and Blood Serum of Thyroid-Fed 
Animals. 


Opinions concerning the function of diastase in various animal fluids 
or tissues and alterations of its concentration in certain pathological 
conditions are quite controversial. Studying the behavior of the liver 
diastase in diabetes, Bang!® reported that the glycogen-free liver of de- 
pancreatized dogs showed no excessive diastatic action. He considers this 
fact as an indication that diabetes depends not on excessive destruction 
but on deficient formation of glycogen. In the same type of experi- 
ments, Zegla!® found a slight decrease of the liver diastase; but Hinsel- 
mann,” on the contrary, found an increase. Though Zegla reported that 
the diastase content of the liver increases in phlorhizin or phloretin glyco- 
suria, the slight difference in the results of his experiments seems still 
to be within the technical error or physiological variation. Wohlgemuth 
and Benzur!’ reported that phlorhizin, phloretin, or epinephrine injection 
causes an increase of the diastase content of the kidneys, while the di- 
astase content of the liver and blood serum shows no decided change. 
Wohlgemuth!® demonstrated also that fasting, change of diet, increase of 
pancreatic activity by hydrochloric acid or secretin have no effect upon 
the diastase content of the blood. Knowing that epinephrine, piqgire, 
and other nervous influences are without action upon the blood diastase, 
Moeckel and Rost?® are of the opinion that the blood diastase is a product 
of the metabolism of the cells, which has no special significance and serves 
no function in the organism. Macleod and Pearce” reported that in an 
etherized animal after death there is usually, though not always, an ac- 
celeration in the rate of glycogenolysis of the liver. Studying the gly- 
cogenolytic power of the liver after splanchnic stimulation, the same 
authors’ concluded that modifications in the glycogenolytic activity of 
the liver do not depend on changes in the amount of diastase, but on 
changes in the conditions under which a constant amount of this fer- 
ment is acting. Scaffidi?? demonstrated that the liver of frogs poisoned 
with phosphorus has a glycogenolytic power as high as the normal liver. 
Bang* asserts that the liver of Rana esculenta contains a large amount of 


15 Bang, I., Beitr. chem. Physiol. u. Path., 1907, x, 320. 

16 Zegla, P., Biochem. Z., 1909, xvi, 111. 

17 Hinselmann, H., Z. physiol. Chem., 1909, 1xi, 265. 

18 Wohlgemuth, J., and Benzur, J., Biochem. Z., 1909, xxi, 460. 

19 Wohlgemuth, J., Biochem. Z., 1909, xxi,,381. 

20 Moeckel, K., and Rost, F., Z. physiol. Chem., 1910, Ixvii, 433. 

21 Macleod, J. J. R., and Pearce, R. G., Am. J. Physiol., 1910-11, xxvii, 
341. 

22 MacLeod and Pearce, Am. J. Physiol., 1911, xxviii, 403. 

23 Scaffidi, V., Biochem. Z., 1915, Ixviii, 320. 

24 Bang, Biochem. Z., 1913, xlix, 40. 
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latent diastase, which does not act in the physiological formation of 
sugar in the liver, while the liver of Rana fusca contains only a small 
amount of such latent diastase. In human diabetes, Wynhausen? failed 
to demonstrate any decided change of the blood diastase, while Myers 
and Killian’s recent studies?* showed a noteworthy increase. 

Feeding thyroid to cats, Burge, Kennedy, and Neill?” found that the 
catalase content of the blood increases markedly. On the other hand; 
Juschtschenko?® reported that thyroidectomy causes a decrease of the 
catalase content of the blood. Wells?® sought for a possible influence on 
autolysis of the liver by thyroid extract, but could demonstrate none in 
vitro. Schryver,®° however, found that autolysis was more rapid in the 
liver of dogs fed on thyroid extract for some days before death than it 
was in control animals. 

Concerning the influence of the thyroid upon the blood diastase, Wohl- 
gemuth!*® found a noteworthy decrease of the blood diastase in thyroidec- 
tomized goats. The diastase content of the blood serum of these animals 


was Dp: Shees-o 20, while the normal goat serum was valued at D- a = 
20 — 40. 


« 


I have made some experiments in order to ascertain whether 
the decrease of the glycogen content of the liver in hyperthy- 
roidism has any relation to the glycogenolytic action of the liver 
and blood serum. 

Records of these follow. 

Methods.—Rabbits were used for blood diastase determina- 
tion; rats for liver diastase. To the former, fresh pig thyroid 
was given; to the latter, desiccated thyroid. In rabbits, the 
blood was taken from an ear vein by puncture, and the serum 
separated. For determining the liver diastase, the organ was 
extirpated promptly after bleeding the animals and immersed in © 
warmed physiological saline solution. After weighing, the liver 
was freed from blood by perfusing with the same saline solution. 
The liver was then thoroughly ground in a mortar with four times 
its weight of physiological saline solution and a small amount 
of sand, placed in an ice box for 1 hour, and shaken from time to 
time. After filtration through a cloth, the homogeneous organ 


25 Wynhausen, O. J., Berl. klin. Woch., 1910, xlvii, 1281. 

26 Myers, V. C.,.and Killian, J. A., J. Biol. Chem., 1917, xxix, 179. 

27 Burge, W. E., Kennedy, J., and Neill, A. J., Am. J. Physiol., 1917, 
xliii, 433. 

28 Juschtschenko, A., Biochem. Z., 1910, xxv, 49. 

29 Wells, H: G., Am. J. Physiol., 1904, x1, 351. 

30 Schryver, S. B., J. Phystol., 1904-05, xxxii, 159. 
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emulsion was used for diastase determination by Wohlgemuth’s 
method.'* *! The results are shown in Tables III and IV. 


TABLE III. 
The Diastase Content of the Blood Serum of Thyroid-Fed Rabbits. 


Fo a a 3.30 2.64 2.86 2.58 
POO CM Uae cc. x2 Oats. Oats. Oats + Oats + 
greens. greens. 
Fresh pig thy- 
roid, 15 gm. 
per day..... June 8-11 June 13-16 June 8-11 June 8-11 


Diastase con- | 62.5 May 25} 62.5 June 12) 62.5 May 24| 62.5 May 24 
tent of se-|62.5 June 10/62.6 “ 15) 62.5 ©“ 25) 62.5 June 10 
rum, D. y= }62:5 “11/6215 9 “156225 June 11)/10070eea 

‘ 62:5 9“ ~12) 62.5, “f .°16)100.0,. °° “i262. see ee 


* Died on June 14. + Died on June 12. 


, TABLE IV. 
The Diastase Content of the Liver of Thyroid-Fed Rats. 


Thyroid-Fed Rats. Food, Desiccated Thyroid, 1 Gm. per Day; Paste, 4 Gm. 
per Day; Dog Biscuit, Freely; for 4 Days. 


BRAGS Titans ocho 2 ows wd veaplge Tete ees Sete a I bd III IV V 


Body.pweight,. gon cncgh ne ee meee 128.1} 162.9} 127.2) 109.0} 1383.0 
WLC Qi oo ahora: 7.44 9.8 6.4 4.6} 5.0 
Liver. Diastase content, Din= -..-.| 156 1-250 |°2507 | iSeaeeeaee 


Control Rats. Food, Paste, Gm. per Day; Dog Biscuit, Freely; for 4 Days. 


Se oe Oe eee er AR a it ME RISE Pili iy6 OSLO aRe aE I II III aly 
Botty. weight, (7a ae aed O.  e e e: 117.3) 148.4} 219.0} 301.4 
; BR Gcy tea 0 i/o Ok 4.44 6.1; 9.4! 10.3 
‘Liver. | Diastase content, D.n= ede. ous.| 15601106, 7) aOR 


3 Wohlgemuth, Biochem. Z., 1908, ix, 1. 
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As the diastase content of the blood serum of normal rabbits, 


Wohlgemuth and Benzur'® obtained the value of D.n = 62.5, 
which sometimes increased to 100 or 150. In my normal rab- 


bits, the blood serum always showed the value of Dn = 62.5. 
After thyroid feeding, the diastase content of the blood serum 
remained about the same. As to the diastase content of the 
liver, the animal species seem to show some noteworthy differ- 


ence. In rabbits it is said to vary between D,n = 5 and 12.5 


(Wohlgemuth and Benzur'®), while in rats De is as high as 80 
(meat feeding) or 160 to 320 (bread or lard feeding) (Hirata**). 
In my own experiments, the diastase content of the normal rat 


liver was ie = 156 to 250. This accords well with Hirata’s 
results. In thyroid-fed rats, the value was about the same. As 
far as the diastase content of the blood serum and the liver is 
concerned, the decrease of the glycogen content of the liver in 
experimental hyperthyroidism does not seem to be due to an 
increased glycogenolytic power of the liver or blood. 

The diastase content, however, is always determined on the 
dead material. The diastatic power of such substances may 
not be identical with that in the living condition. Compar- 
ing the diastatic efficiency and average glycogen content in the 
different tissues and organs, MacLean* reported that the dias- 
tatic power and the glycogen content do not necessarily run paral- 
lel and sometimes an organ containing merely a trace of glycogen, 
e.g., the lung, shows a more marked amylolytic power than a 
. glycogen-rich organ, such as the liver. Moreover, a long list of 
substances, which accelerate or inhibit the activity of diastase, 
has been reported. A small amount of such substances within 
the living cells may markedly affect the activity of this enzyme. 
It is a well known fact that a marked increase of protein and fat 
metabolism exists in hyperthyroidism. The nitrogenous con- 
stituents of the urine are usually increased. Bock** reported an 
increase of amino-acid nitrogen of the blood in a case of hyper- 
thyroidism (9.58 mg. amino-acid N in 100 cc. of blood; the nor- 


2 Hirata, G., Biochem. Z., 1910, xxvii, 385. 
33 MacLean, H., Biochem, J., 1909, iv, 467. 
eS pock, J. Ci, J. Biol, Chem. 1917, xxix, 191; 
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mal blood containing only 7.13 mg.). Many cleavage products 
of protein, such as amino-acids, creatine, creatinine, and others, 
have been reported to accelerate the activity of the diastase.* 
Though the liver and blood of thyroid-fed animals do not show 
any increased diastase content, it may be possible that some 
substances, which are produced to an abnormally large degree, 
on account of an increase of metabolism, accelerate the activity 
of diastase within the living cells. 


The Influence of Thyroid Feeding upon the Glycogen Content of the 
Liver of Full Grown Frogs. 


Determining the glycogen content of the frog (Rana fusca) at different 
seasons, Athansiu®* reported that the glycogen content of the frog body 
is lowest in the summer, at which time they take the most nourishment, 
and the highest in the fall, gradually decreasing in the winter. At the end 
of hibernation the body still contains a large amount of glycogen. This 
statement was confirmed in general by Pfliger.3’7 In frogs, glycosuria 
can be induced by subcutaneous application of phlorhizin, but not by 
oral administration.3® Scaffidi?® reported that phosphorus poisoning in- 
duces a marked loss of the liver glycogen of frogs (Rana esculenta) in a 
short time. Mangold,*® however, observed that after the long continued 
convulsions caused by strychnine, which promptly reduce the liver gly- 
cogen of warm-blooded animals, the liver of a frog still contained a large 
amount of glycogen. As shown by Gudernatsch,*® Lenhart,*! and Gra- 
ham,” thyroid feeding exerts a remarkable influence upon the growth 
of tadpoles. Emaciation, retardation in gain of body weight, and early 
differentiation of body parts can be noticed in a few days. Lenhart con- 
siders that the effect of thyroid feeding is closely associated with both the | 
iodine content of thyroid and tae amount fed. 


In full grown frogs, the metabolism is probably most active 
in the summer time. It may be interesting to know whether in 
this season thyroid feeding of full grown frogs can increase the 
metabolism or at least cause any decrease of the glycogen con- 


$5 Hffront, J., Compt. rend. Soc. biol., 1904, lvii, 234. Terroine, E. F., 
and Weill, J., J. physiol. et path. gen., 1912, xiv, 437. 

86 Athansiu, J., Arch. ges. Physiol., 1899, lxxiv, 561. 

37 Pfliiger, E., Arch. ges. Physiol., 1907, cxx, 253. 

#8 Lusk, G., Hrgebn. Physiol., 1912, xii, 315. 

39 Mangold, E., Arch. ges. Physiol., 1907-08, cxxi, 309. 

40 Gudernatsch, J. F., Am. J. Physiol., 1914-15, xxxvi, 370. 

41 Lenhart, C. H., J. Exp. Med., 1915, xxii, 739. 

“ Graham, A., J. Exp. Med., 1916, xxiv, 345. 
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tent of the liver. Some experiments bearing upon this point 
are recorded below. 

Method.—The experiments were carried on with Rana pipiens 
in June. Desiccated thyroid, made into a paste by mixing with 
a small amount of water, was given orally. The dose of desic- 
cated thyroid was 0.5 gm., twice daily. The animals were kept 
in running tap water and no food was given to them. The con- 
trol frogs were divided into two groups. One group was kept in 
running water only. To the other group, boiled, desiccated, and 
powdered egg was fed, in quantities comparable to those of the 
thyroid given. The results are detailed in Table V. ‘ 

As shown in this table, there is no decided difference in the 
glycogen content of the livers of thyroid-fed frogs and those of 
control animals. The glycogen content of the liver of thyroid- 
fed frogs was 4.8 per cent (the average of 5 cases), while in the 
control frogs it was 4.1 per cent (the average of 4 cases). In 
none of the animals was any noteworthy change of the general 
conditions observed. Under the experimental conditions em- 
ployed, thyroid feeding does not decrease the glycogen content 
of the liver. This is in harmony with the result obtained in a 
frog poisoned with strychnine and seems to indicate a great dif- 
ference in the intensity of metabolism in the different stages of 
the life of the frog. 


SUMMARY. 


The storage of glycogen in the liver of thyroid-fed rats does 
not occur readily, even with the administration of a large amount 
of a very high carbohydrate diet. In fasted rats the liver gly- 
cogen reappears’ abundantly after ingestion of a comparatively 
small amount of food. If a sufficiently large calorific food in- 
take is administered to thyroid-fed rats, liver glycogen may 
sometimes reappear to a limited extent. The quantity of glyco- 
gen so stored is, however, much smaller than that in fasted rats, 
subsequently given food with a fuel value several times less than 
that of the thyroid-fed rats. 

The diastase content (D,n) of the normal rabbit serum and 
the normal rat liver is about 62.5 and 156 to 250 respectively. 
Thyroid feeding does not change these values markedly. 
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The glycogen of the liver of thyroid-fed frogs (Rana pipiens) 
is practically the same as that of control animals. This accords 
with the results obtained with frogs poisoned with strychnine 
or in hibernation and perhaps indicates a notable difference in 
the intensity of metabolism of warm- and cold-blooded animals 
and of the frog at different life stages. 
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THE INFLUENCE OF THYROID FEEDING UPON CAR- 
BOHYDRATE METABOLISM. II. 


THE EPINEPHRINE CONTENT OF THE ADRENALS OF THYROID- 
FED RATS. 


By SHIGENOBU KURIYAMA. 


{From the Sheffield Laboratory of Physiological Chemistry, Yale University, 
New Haven.) 


(Received for publication, November 26, 1917.) 


In my previous investigations,! the epinephrine content of the ad- 
renals of white rats, fed on thyroid for a few days, was little different 
from that of control animals. A colorimetric method of estimation with 
mercuric acetate was used. Folin, Cannon, and Denis? reported that 
phosphotungstic acid (uric acid reagent) is a very sensitive reagent, solu- 
tions containing one part of epinephrine in 3,000,000 parts of water pro- 
ducing an unmistakable reaction with this reagent, and therefore being 
approximately ten times as sensitive as other chemical tests. Using Folin’s 
method, Herring? reported that the administration of raw thyroid to cats 
and rats can increase the epinephrine content of the adrenals. The ad- 
renals were also heavier than those of control animals. Hoskins‘ studied 
the influence of thyroid feeding upon the adrenal glands. In new-born 
guinea pigs, the adrenal glands were 25 per cent heavier than those of 
control animals. In young white rats this phenomenon was also confirmed. 
The heart, spleen, liver, and kidneys were also heavier than those of 
control animals. 


The present experiments extend previous observations with 
the white rats. 


Method. 


Albino rats were divided into three series, each having nearly 
the same number of each sex. The body weight of each series 
averaged about the same. All of them were fed on dog biscuit- 


1 Kuriyama, §., Am. J. Physiol., 1917, xlii, 481. 

2¥Folin, O., Cannon, W. B., and Denis W., J. Biol. Chem., 1912-18, 
xili, 477. 

’Herring, P. T., Quart. J. Exp. Phystol., 1915-16, ix, 391; 1917, ‘xi, 
47. . 
4 Hoskins, R. G., J. Am. Med. Assn., 1910, lv, 1724. Hoskins, E. R., 
J. Exp. Zool., 1916, xxi, 295. 

207 


208 Thyroid and Adrenal 


lard diet. Two series were used for thyroid feeding, the third 
one serving as control. Each rat was kept in a separate cage. 
As thyroid administration 0.1 gm. of desiccated thyroid per day 
was prescribed to each rat of the one series, and this was contin- 
ued for 23 days. Every rat of the other series received 1 gm. of 
desiccated thyroid per day for 4 days. Thyroid powder, mixed. 
with two or three times the weight of the dog biscuit-lard paste, 
was readily eaten. After this had been consumed, the paste was. 
given freely. At the end of the period, the animal was bled and 
both adrenals were carefully freed from the surrounding tissues 
and weighed together. The epinephrine content was determined 
by Folin’s method,. modified for smaller quantities of material. 
The protein of the ground adrenals was precipitated by acid and 
salt in a10-cc. volumetric flask. The mixture was diluted up to the 
mark and filtered. 8 cc. of ‘the filtrate were taken into a 25 cc. 
volumetric flask and the color, produced in this flask, was com- 
pared with the standard color in another 25 ce. flask. For the 
standard color, two 25 cc. volumetric flasks containing 0.2 and 
0.4 mg. of uric acid, respectively, were provided and the flask 
which was the nearer in color to the epinephrine flask was used. 
The results are shown in Tables I and II. 


TABLE I. 
The Epinephrine Content of the Adrenals of Normal Rats. 


Weight of 


Weight of ae Epineph- | Epineph- Epineph- 

Rat, | Sex | welate. | gf, | 100m. of | Bein ie re wer e-em. of body 
Heights ees 

gm. mg. mg. mg. mg. mg. : 

I M. 304.8 36.9 12,1 0.102 pay gi 0,033 
II sé 269.7 35.3 ie 0.094 2.66 0.035 
III ‘fe 254.3 63.1 24.8 0.162 2.57 0.064 
IV oe 218.1 57.5 26.4 0.099 1:¥2 0.045 
V a 180.0 33.8 18.8 0.091 2.69 0.051 
VI F. 243.8 50.6 20.8 0.134 2.65 0.055 
it BO aaa 240.2 50.6 211 0.174 3.44 0.072 
VIII Af 199.4 39.5 19.8 0.098 2.48 0.049 
1,6 o 196.2 39.5 20.1 0.104. 2.63 0.053 
ag« as 194.6 39.1 20.1 0.100 2.56 0.051 
xa as 69.2 25.4 36.7 0.056 220 0.081 


——_— | | —|—— 
eT | 


Average..... 215.5 42.8 21:3 0.110 2.58 0.054 
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TABLE II. 
The Epinephrine Content of the Adrenals of Thyroid-Fed Rats. 


on Weight of ae 
of body an tine at | Weight of fen Epineph- ae as 
ons so Niibecaecs end of ex- ee 100 2m. of Paiter ee es of beds 
periment. es ett a taiy adrenals. | adrenal. eight 
weight. 
Series A. Desiccated thyroid; 1 gm. per day for 4 days. 
gm. mg. mg. mg. mg. mg. 
IT) M. | —17.2| 276.4} 42.0 15.2 0.095 | 2.26 0.034 
12 —18.5 |. 254.2)) 34.1 13.4 0.092 | 2.70 0.036 
126 ig Poe —23.0 | 244.0] 34.8 14.3 0.093 |; 2.67 0.038 
DV Gy a —14.9} 126.9] 28.1 22.1 0:059 ; 2.10 0.047 
Voy. ars —22.9 | 125.4) 30.5 24.3 OP057)) hse 0.645 
VI; F. | —17.0| 267.8] 44.9 16.8 0.092 ; 2.05 0.034 
0 & i i he —18.8 |} 189.9) 48.3 25.4 0.106 | 2.20 0.056 
VIII as —17.3 | 182.8 | 43.4 23.7 OLlils)) 2.86 0.061 
1f-« by —19.1 178.6 | 64.5 36.1 0.119 | 1.85 0.067 
xX es —18.8| 178.1 | 438.4 24.4 0.084 | 1.94 0.047 
XI 17S 113.4) 44.3 25.5 O01 2.28 0.058 
Average.o 2! ys. 14 199.8 | 41.7 21.9 0.092 | 2.23 0.048 


Series B. Desiccated thyroid; 0.1 gm. per day for 23 days. 


1? oM. aos es0s od be OULO ASe/ OPLOL FP 2.02 0.058 

Tis —5.4] 231.6] 41.5 Lg 0.098 | 2.36 0.042 
96 ee —10.0 | 221.0 | 46.6 TAA OAZGM H2a70 0.957 
LO eRe ee Po i Sha Ce OR 2 hae 0.0711. 1.96 0.034 
Vato, —4.8| 198.4] 50.6 25.5 0.142 | 2.81 0.072 
ELLs ae +0.9| 176.4 | 38.4 21.8 0,082 | 2.14 0.047 
Whi as —2.6| 149.4} 37.8 25.3 0.083 | 2.20 0.056 
ELT 21.5 —14.1 | 144.6) 42.1 29.1 OLOSD 211292 0.056 


Average. i.%,. 4... m.2}2 199.9 |. 42.9 22.1 Dee 2.26 0.050 


As the epinephrine content of the adrenals of normal animals 
(mg. of epinephrine per gm. of the gland), Folin and his co- 
workers? found 2.41 to 3.08 mg. in the sheep, 2.04 to 2.33 mg. 
in the dog,‘3.33 to 3.52 mg. in the calf, 1.22 to 1.52 mg. in the 
young cat, and Herring found 1.25 to 2.22 mg. in the cat, and 
1.47 to 2.97 mg. in the albino rat. In my experiments this 
value in albino rats averaged 2.20 mg. The maximum was 3.44 
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mg., the minimum 1.72 mg. It will be seen that the epinephrine 
content of the adrenal shows some variation according to both 
the animal species and the individual. 
| As the thyroid hormone is considered to stimulate the sympa- 
thetic nervous system, an excess of it in the body may stimulate 
the activity of the adrenal. But this may not necessarily be ac- 
companied by a higher content of the epinephrine in the gland. 
The excess of epinephrine may immediately be transported into 
the circulation, its concentration in the gland being kept as 
usual. It is also possible that the epinephrine produced in the 
gland, no matter what the amount may be, is quickly expelled 
by the abnormal nerve stimulation and consequently the lower 
concentration soon manifests itself. Quinquaud® reported that 
the epinephrine content of the adrenal was decreased after pigéire. 
Confirming the results of Elliott, Stewart and Rogoff’ reported 
that diminution of the stock of epinephrine in the adrenal, through 
electrical stimulation of the splanchnics, was not easy to demon- 
strate, despite the fact that the liberation of epinephrine into the 
blood was notably increased by the stimulation. Only after a 
stimulation, repeated at intervals for a long time, could a distinct 
depletion of the epinephrine content be observed. ‘The results in 
Table II show that the epinephrine content of the adrenal was 
practically not changed by thyroid feeding (a small dose per day 
for a long time, and a large dose per day for a short time), neither 
absolutely nor relatively, the individual or physiological variations 
being kept in mind. Neither do the absolute and relative weights | 
of the adrenals show any noteworthy difference from those of the 
control animals. According to Donaldson’s tables,* the weight 
of the adrenals of albino rats is 45.6 mg. (average of both sexes) 
for 200 gm. of body weight, and 48.2 mg. (average of both sexes) 
for 215 gm. of body weight. In his chart it may be seen that 
there exists a widely ranging variation. In Herring’s report, 
‘the epinephrine content of the adrenals of the thyroid-fed ani- 
mals was increased absolutely but decreased when it was calcu- 
lated per gm. of the adrenal. The weight of the fresh adrenals 


> Quinquaud, A., Relations entre la piqdre diabétique et la sécrétion 
d’adrénaline, Paris, 1915. 

§ Elliott, TP. R:, J. Physiol., 1912) xliv, 374. 

* Stewart, G. N., and Rogoff, J. M., J. Hap. Med., 1916, xxiv, 709. 

8 Donaldson, H. H., The Rat, Philadelphia, 1915, 100, 137. 
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was increased. On the other hand, the desiccated adrenal of the 
thyroid-fed animals had a higher adrenal content than the same 
amount of desiccated normal adrenal. This seems to show that 
the increase of the adrenal weight was mostly due to the water 
content and not to the solid substance. Obtaining the blood of 
the adrenal vein of dogs, into which extracts of various organs 
had been previously injected, and testing the vasoconstrictor 
action of this blood sample with another dog, Gley and Quin- 
quaud?® concluded that though the extracts of various organs can 
augment the secretion of epinephrine, the extract of thyroid 
gland is not specific. Gley’s other experiments!® demonstrate 
that the epinephrine content of the adrenal of thyroidectomized 
dogs and rabbits is not lower than that of normal animals. This 
is not in harmony with the results of Herring with thyroidecto- 
mized cats.® . 
Though an augmented secretion of epinephrine in hyperthy- 
roidism may be probable, the frequently reported intimate rela- 
tion between the hormones of the thyroid and adrenal has also 
been studied from different standpoints. Macleod and Pearce 
observed that after complete dissection of the hepatic plexus, 
stimulation of the splanchnic nerve is only occasionally followed 
by an increase in the sugar content of the vena cava blood, 
although a marked hyperglycemia is found in cases of the intact 
hepatic plexus. They therefore concluded that there was no 
evidence that hyperglycemia, caused by stimulation of splanchnic 
" nerve, is due to a hypersecretion of epinephrine. Oswald” dem- 
onstrated that though intravenous injection of iodothyreoglobulin 
has no effect on the circulation, this treatment increases the 
effectiveness of epinephrine in raising and maintaining blood pres- 
sure. Asher,!® Richardson,’ Kakehi, and EHiger!® reported that 


*Gley, E., and Quinquaud, A., Arch. Internat. Phystol., 1914, xiv, 152. 

10 Gley, E., Arch. Internat. Physiol., 1914, xiv, 175. 

11 Macleod, J. J. R., and Pearce, R. G., Am. J. Phystol., 1911-12, xxix, 
419, 

12 Oswald, A., Z. Physiol., 1915, xxx, 509; cited by Levy.'® 

13 Asher, L., Deutsch. Med. Woch., 1916, xxxiv, 1; abstr. in Physiol. Abst., 
1916-17, i, 426. 

14 Richardson, H. B., Z. Biol., 1916, Ixvii, 57. Kakehi, 8., 2bzd., 1916, 
Ixvii, 104; both papers abstr. in Physiol. Abst., 1916-17, 1, 427. 

18 Higer, M., Z. Biol., 1917, xvii, 253, 265; abstr. in Physiol. Abst., 1917, 
ii, 269. 
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~in the experiments with Laewen-Trendelenburg frog or rabbit 
heart, the action of epinephrine was augmented by the addition 
of thyroid extract. In the same manner, the plasma of rats fed 
on thyroid and plasma obtained from patients with Graves’ dis- 
ease, had a well marked accelerating action on vasoconstrictor 
influence of epinephrine. Asher considers that thyreoglandol, | 
which is protein-free and practically iodine-free, exerts the same 
biological and metabolic action as the whole gland. Levy" re- 
ported that in ordinary and adrenalectomized cats stimulation 
of the cervical sympathetic nerve can increase the effectiveness 
of epinephrine in raising arterial pressure, although this is not the 
case in thyroidectomized cats. He concluded that thyroid secre- 
tion renders more excitable the sympathetic structures acted on 
by epinephrine in raising arterial pressure, and the increased 
effectiveness of epinephrine as a pressor agent after thyroid 
stimulation is not dependent on a greater amount of circulating 
epinephrine. On the other hand, however, he and Cannon and 
Cattell’? obtained some evidence indicating that stimulation of 
the cervical sympathetic nerve or epinephrine injection induces 
secretory activity in the thyroid gland. In my previous experi- 
ments,! when epinephrine was injected into thyroid-fed rabbits, 
epinephrine glycosuria was induced to the same extent as in con- 
tro] animals; the hyperglycemia being practically the same or 
somewhat augmented. 


w 


SUMMARY. 


The epinephrine content of the adrenals of normal medium 
sized albino rats is 2.2 mg. per gm. of the gland. Comparing 
this figure with those reported by other investigators with larger 
animals, the epinephrine content of rat adrenal is the nearest to 
that of the dog, larger than that of the cat, and smaller than 
that of the sheep and calf. Thyroid feeding of either short dura- 
tion with large doses or long duration with small doses does not 
materially change the epinephrine content, nor the weight of the 
adrenals of medium sized albino rats. If hypersecretion of the 
adrenals really exists in experimental hyperthyroidism, these 


16 Levy, R. L., Am. J. Physiol., 1916, xli, 492. 
17 Cannon, W. B., and Cattell, McK., Am. J. Physiol., 1916, xli, 74. 
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results indicate that the excess of epinephrine is promptly trans- 
ported into the circulation, the epinephrine content of the ad- 
renals being kept fairly constant. The presence of such a regu- 
latory mechanism might well be expected from the experiments 
of Elliott and Stewart and Rogoff. 
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THE INFLUENCE OF THYROID FEEDING UPON CAR- 
BOHYDRATE METABOLISM. III. 


THE ACIDOSIS IN EXPERIMENTAL HYPERTHYROIDISM AND ITS 
RELATION TO EPINEPHRINE IN THE BLOOD AND THE 
DECREASE OF LIVER GLYCOGEN. 


By SHIGENOBU KURIYAMA. 


ee the Sheffield Laboratory of Physiological Chemistry, Yale University, 
New Haven.) 


(Received for publication, November 26, 1917.) 


| The Influence of Thyroid Feeding upon the Hydrogen Ion Concen- 
tration and the Alkali Reserve of the Blood Plasma. 


The influence of acid and alkali upon carbohydrate metabolism, with 
respect to glycosuria, blood sugar content, and glycogen content of the 
liver, has been discussed by many investigators. Edie and his coworkers! 
reported that the glycosuria found after partial asphyxiation is due to the 
high percentage of carbon dioxide in the respired air. MacLeod? demon- 
strated that hyperglycemia and glycosuria in asphyxia and curare poison- 
ing are due to the mobilization of liver glycogen and that here the blood 
acts directly upon the liver cells without any intermediation of the nerv- 
ous system. Estimating the rate of disappearance of glycogen from pieces 
of liver, both in an atmosphere of carbon dioxide and in air or oxygen, 
he also found that glycogenolysis is more rapid in the former than in the 
latter. Administering hydrochloric acid by mouth to rabbits and also per- 
fusing turtle livers with a solution acidified with hydrochloric acid, Elias? 
demonstrated that a relatively small amount of acid can mobilize the gly- 
cogen of the liver and cause hyperglycemia and glycosuria. Studying the 
adrenal histologically, he considered that these glands have no direct rela- 
tions to the glycogen mobilization caused by acid. Elias and Kolb‘ have 
also concluded that the so called ‘hunger diabetes’’ of young dogs, is, 
in part at least, a condition due to acidosis, as indicated by the lowered 
carbon dioxide content of the blood and of the alveolar air. The word 

1 Fdie, E. 8., Biochem. J., 1906, i, 455. Edie, E. 8., Moore, B., and 
Roaf, H. E., zbid., 1911, v, 325. 

2 Macleod, J. J. R., Am. J. Phystol., 1908-09, xxiii, 278. 

3 Elias, H., Biochem. Z., 1918, xlviii, 120. | 

4Blias, H., and Kolb, L., Biochem. Z., 1918, lii, 331. 
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acidosis is used to express an actual increase in the hydrogen ion concen- 
tration of the blood as well as a lowering of the alkali reserve. It has 
been pointed out that free carbon dioxide is present in the body fluids in 
such concentration that it automatically converts into bicarbonates all 
bases not bound by other acids. In acidosis the concentration of bicar- 
bonate in the blood is always reduced below the normal level. As a sensi- 
tive indicator of this condition and its severity, the carbon dioxide capacity 
of the plasma was determined by Van Slyke and Cullen.® 


Since thyroid feeding can decrease the glycogen content of the 
liver very easily, possibly acidosis plays some réle here. 


Methods. 


Full grown rabbits were used. 3 gm. of desiccated’ thyroid, 
suspended in water, were given by a stomach sound every 
afternoon. Oats or greens (cabbage and carrot tops) were 
given as food. As shown by Sherman and Gettler,® and Mc- 
Danell and Underhill,’ the kind of food has a marked influence 
upon the acid-base equilibrium of the organism. Attention to 
this was, therefore, paid both in the preparatory and the thyroid 
period. When greens were given, the thyroid-fed rabbits con- 
tinued to take them until the later part of the thyroid period m 
about the same quantities as in the preparatory period. In the 
case of the oat diet, the appetite of the animal was greatly af- 
fected by thyroid feeding. They stopped eating this food in a 
few days. As control experiments, therefore, rabbits were fasted 
and others were fed on desiccated animal tissue other than thy- 
roid, no other food being added. As such a tissue powder, a 
mixture of desiccated spleen, kidney, and parotid gland in equal 
proportions was used. The amount and the method of adminis- 
tration of this powder were the same as in thyroid feeding. 
The urine was examined for protein and casts from time to time. 
The hydrogen ion concentration of the blood was determined 
by Marriott’s method.? 1 cc. of oxalated venous blood was 
used for dialysis. After comparing the color, produced by phe- 
nolsulfonephthalein, with the standard colors, the dialysate was 


’ Van Slyke, D. D., and Cullen, G. E., J. Biol. Chem., 1917, xxx, 289. 
6 Sherman, H. C., and Gettler, A. O., J. Biol. Chem., 1912, xi, 323. 

7 MecDanell, L., and Underhill, F. P., J. Biol. Chem., 1917, xxix, 233. 
8 Marriott, W. McK., Arch. Int. Med., 1916, xvii, 840. 
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vigorously aerated, and the reaction thus changed, which now 
served as an index of the alkali reserve of the blood, was again 
estimated colorimetrically. The CO: capacity of the plasma was 
determined by Van Slyke and Cullen’s method,® the larger size 
apparatus® being used. ‘The results were calculated so that they 
showed cc. of CO2 reduced to 0°C., and 760 mm. Hg, bound as 
bicarbonate in 100 cc. of the plasma. The blood was collected 
from the external jugular vein by a needle connecting to a cannula 
passing to the bottom of a centrifuge tube containing potassium 
oxalate and a layer of paraffin oil. No anesthetic was used. 
During the operation the rabbit was kept quiet so as not to dis- 
turb the circulation and respiration. 8 or 9 cc. of the venous 
blood were collected at once. After mixing with the oxalate, 
part of it was taken out for dialysis and the rest was centrifuged 
for obtaining the plasma. ‘The same vein could be used for sev- 
eral punctures. But if thrombosis occurred, the vein on the 
other side was used. The blood was examined usually in the 
morning. When this was done twice a day, the first examination 
was made in the morning and the second one in the afternoon 
after thyroid feeding. On the first experimental day, the blocd 
examination was made before changing foodstuffs or before the 
first thyroid feeding. The results of this day, therefore, can be 
considered the normal value. The results are shown in Tables 
I and II, and Charts I and II. 

From these results it will be seen that the hydrogen ion con- 
centration of the normal rabbit blood is pH 7.35 to 7.5. The 
kind of food caused no noteworthy difference. After aeration 
of the dialysate the value became pH 8.1 to 8.2. Levy and his 
coworkers! reported that pH of the oxalated blood from normal 
men varies from 7.4 to 7.6. This is nearly the same as my re- 
sults with the rabbit blood. When thyroid was given to the 
oat-fed rabbits, the hydrogen ion concentration of the blood 
slightly increased (the maximum, pH 7.25 to 7.3). In the blood 
of acidosis patients, Levy and his coworkers!® observed a reac- 
tion of pH 7.1 to 7.4; therefore nearly the same degree of acidosis 
as found in my thyroid-fed rabbits. A slight decrease of the 

® Van Slyke, D. D., J. Biol. Chem., 1917, xxx, 347. 


10 Levy, R. L., Rowntree, L. G., and Marriott, W. McK., Arch. Int. 
Med., 1915, xvi, 389. 


TABLE I. 


The Influence of Thyroid Feeding upon the Hydrogen Ion Concentration of 
the Blood and the Alkali Reserve of the Blood Plasma. 
Sertes A. Oats Given Freely. 


Blood. 
eS aS & 
3} |& Ral hol 
2 UEe 3 Oats. ; ; = 5 Remarks. 
B lahelee ee FSC ate 
5 2 S ES 8 8 S 
a) ei Bs\s8| esl 8 
1) ro) © wales) |) sales Son a4 
liao A alltel, wale 
Rabbit I. (Before experiment oats only were given freely for 5 days.) 
kg. | gm. gm. ce. 
1 |3.06) 3 60 7.45) 8.1|52.2} 116) Urine: protein —, casts —.. 
2 2 14 7.45) 8.1/48.0} 130 
3 3 0 7.35) 8.0/45.2} 100 
4 3 0 7.35) 8.0/40.9) 106 
5 3 0 7.30) 7.9/380.5 52 Urine: protein +, casts +.. 
7:25). 7. 9128.7, Died on the 6th day. 


Rabbit II. (Before experiment oats only were given freely for 5 days.) 


2.48 


1 3 52 7.45} 8.1]53.2) 93) Urine: protein —, casts —.. 
2 3 38 7.45} 8.1/57.0) 80 
3 3 10 7.45} 8.1|57.9) 65 
a 3 0 7.45) 8.1/47.0) 69 
7.25] 8.0/29.6 Urine: protein +, casts —.. 
SHA py : 7.25| 8.029.6 > 
6 0 | Oats and |7.45| 8.1|29.6} 78 
i a0) greens were |7.45| 8.1/43.8} 102 
8 2.13] 0 given freely.|7.45| 8.1|60.7| 99} Recovered. 


Rabbit III. (Before experiment oats only were given freely for 5 days.) 


1°\1262) 43 43 7.35} 8.1|51.0| 87} Urine: protein —, casts —.. 
2 3 15 (280)05 51 151 

3 3 0 7.35} 8.1/44.3} 131 

4 3 0 7.35} 8.1/43.3) 126 

5 3 0 7.36| 8.1/43.2} 92) Urine: protein —, casts - —. 
6 |1.30} 3 0 7.00} 8.187.090) ,82 

7 0 0 7-3 8.1/29.5) ? | Died on 8th day. 

Rabbit IV. (Before experiment oats and greens were given freely for 5. 

days.) 

Tat ae Olas 34 7.5 | 8.2|/62.3) 154] Urine: protein —, casts —.. 
2 3 24 140 

3 3 0 7.4 | 8.2|42.9| ? 

4 |1.92] 3 0 91| Urine: protein +, casts —.. 
5 3 0 7.35) 8.1|30.3} 82) Died on 6th day. 
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TABLE I—Concluded. 
Series B. Greens Given Freely. 


Blood. 
: 3 i 
= - qj 3 ) 
te n= te, . 1 o g Remarks. 
alt |e 18 ang ee = 
g “9S g g g ©) fe) 
a | - a ret -| 8 is 
bet S, ° qa | g a o 
B| ola |SSi| solar s 
} 2 | Or HSS] Fe 
Bim} A |A < a =) 


Rabbit I. (Before experiment greens only were given freely for 5 days.) 


kg. | gm, CC. 

3.02 7.45; 8.1/63.6| 305} Urine: protein —, casts —. 

7.45} 8.2/63.6} 410 

7.45} 8.1/60.7| 350 

7.45} 8.1/55.3} 400 

7.45} 8.1146.6| 292 

7.45] 8.1|48.5} 306 

7.45) 8.1/52.2| 320| Urine: protein —, casts —. 

7.45) 8.1|43.8| 380} Recovered by stopping thyroid feeding. 


CONDOR WN KE 
OWWW WW WwW & 


oe 
bo 
=) 


Rabbit II. (Before experiment greens only were given freely for 3 days.) 


1 |1.34| 3 |7.5 | 8.1/61.4| 320) Urine: protein —, casts —. 
2 3 329 

3 3 420 

4 3 |7.45] 8.1/49.0] 266] Urine: protein +, casts —. 
5 [0.98] 3 |7.45).8.1|46.2! 408) Died on 6th day. 


alkali reserve of the blood was also found in some of the thyroid- 
fed rabbits, the aerated blood dialysate having a reaction of pH 
7.9 to 8.0. When greens were given freely to the thyroid-fed 
rabbits, such changes in the blood reaction could not be observed. 
In the control animals, either fasted or fed with animal tissue 
powder, the hydrogen ion concentration of the blood remained 
almost unchanged. The kind of fogd eaten leads to a marked 
difference in the CO: capacity of the blood plasma of the nor- 
mal rabbits. When greens only were given, the plasma COs: 
capacity was 61.4 to 63.6 (cc. of COs, reduced to 0°C., 760 mm. 
Hg, bound as bicarbonate in 100 ce. of the blood plasma), while 
this value was reduced to 48.2 to 53.2 on oat diet. When thy- 
roid was given to the animals, the COs capacity of the plasma 
gradually decreased. On oat diet it went down as far as 28.7 
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TABLE II. 


The Influence of Fasting or Feeding Animal Tissue Powder upon the Hydrogen 
Ion Concentration of the Blood and the Alkali Reserve of the Blood Plasma. 


Blood. 
Experi- Body pH Urine 
mental weight rar volume Remarks. 
day. oy eaceacarecr pears tet 2 ‘ 
Before | After | capac- 
aera- aera- ity. 
tion. tion. 


Rabbit I. Fasting. (Before experiment oats only were given freely for 5 


days.) 

kg. ce. 
1 2.04 | 7245 | 8.101 50.1 60 | Urine: protein —, casts —. 
2 7.49 | 8.1 | 44.5 73 
3 50 
4 7.45 | 8.1 | 44.7 48 
5) 7.45 | 8.1 | 41.9 63 | Urine: protein +, casts —. 
6 fEAQS| eS od i 3Ox0 79 | Died on 7th day. 


Rabbit II. Fasting. (Before experiment oats and greens were given freely 


for 5 days.) 
1 2.20. | 7.5 8.2 | 62.5 85 | Urine: protein —, casts —. 
2 133 
3 7.385 | 8.1 | 40.0 Tie 
4 ? 
¥ 7.35 | 8:1 | 39.5 150 | Urine: protein —, casts —. 
6 7735 | (8)18) 347 136 
fi 7.385 | 8.1 | 34.8 53 
8 1.38 Died. 


Rabbit III. Animal tissue powder feeding, 3 gm. per day. No other food. 
(Before experiment oats only were given freely for-16 days.) 


7.4 8.1 | 41.3 93 
62 |.Urine: protein —, casts —. 
Te220e jusied 8.1 | 42.0 Recovered by giving food. 


1 78 917.45) 8.10) "4802 55 | Urine: protein —, casts —. 
2 89 

3 7.5 8.1 | 52.9 153 

4 : 100 

5 7.4 8.1 | 44.3 65 

6 73 

if 

8 

9 
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TABLE IIl—Concluded. 


Blood. 
ak Body pH Pl Urine R k 
reine CL Seha ye es BEM i “Oy volume. QrDat SEs 
Before | After | capac- 
aera- aera- ity. 
tion. tion. 


Rabbit IV. Animal tissue powder feeding, 3 gm. per day. No other food. 
(Before experiment oats and greens were given freely for 7 days.) 


kg. cc. 
1 1.70 7.4| 8.1 | 55.3 62 | Urine: protein —, casts —.. 
2 55 
3 7.4 | 8.1 | 45.0 70 
4 48 
5 7.4) 8.1 | 40.9 59 | Urine: protein +, casts —. 
6 61 
7 1.40 7.41 8.1 | 38.5 45 | Died 2 days later. 


to 30.3, while on green diet the minimum was 48.8 to 46.2. . In 
one case of thyroid-fed rabbits on the oat diet, thyroid feeding 
was stopped and greens were freely given after the 6th experi- 
mental day. The CO, capacity of the plasma increased from 
29.6 to 60.7 in 2 days. In rabbits either fasted or fed with 
animal tissue powder, the CO. capacity of the plasma was also 
decreased, the former showing a more marked change than the 
latter. The minimum of the CO: capacity of the plasma was 
36.0 to 34.7 (fasted) and 38.5 to 41.3 (animal tissue powder fed). 

Judging from these results, it will be seen that in rabbits fed 
oats, thyroid feeding continued for several days caused a marked 
degree of acidosis, determined by both hydrogen ion concen- 
tration of the blood and the CO, capacity of the plasma, this 
disturbance, however, being reparable to a certain degree by tak- 
ing a large enough amount of base-forming diet; and that the 
acidosis of thyroid-fed rabbits is greater than that of fasted or 
animal tissue powder-fed rabbits. Goto! reported that acidosis 
exists in uranium nephritis. In some of my rabbits the kidneys 
seemed to be slightly impaired. As this change, if existing at all, 
was very slight, acidosis observed in my experiments is probably 
not due to the kidney injury. Acidosis in diabetes is reported to 


1? Goto, K., J. Exp. Med., 1917, xxv, 693. 


Vhe CO, Capacity of the Blood Plasma 


Thyroid Feeding 
Green Diet 


J QS IG AEN. tN ee 
Days 
-----Thyroid omitted and greens addea, 


Cuarr 1. The influence of thyroid feeding upon the CO, capacity of 
the blood plasma. 
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be due to an overwhelmingly rapid production of acids, and acido- 
sis in nephritis to an inability to eliminate acids which are pro- 
duced at a moderate rate. Acidosis found in thyroid-fed rab- 
bits is probably due to an abnormal increase of acid production, 
a shortage of base-forming diet accelerating this acidosis markedly. 


Jee 
Senne eye call 
bal | a 
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‘haa 
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Ou 
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The COz Capacity of the Blood Plasma 
ro) 


8 Noy 
A 


Days 
meet FaASU ru 3 
a= Animal Tissue Powder Feeding 


Cuarrt 2. The influence of fasting or of feeding animal tissue powder 
upon the CO, capacity of the blood plasma. 


Reiations between Epinephrine in the Blood and Acidosis of 
Thyroid-Fed Rabbits. 


Recently Peters and Geyelin’ reported that subcutaneous injection of 
epinephrine causes a marked decrease of alkali reserve of the blood plasma, 
in either diabetic or normal men. This change was parallel with the epi- 
_ hephrine hyperglycemia, the maximum of both being obtained within 3 

hours. They considered that at least a part of the hyperglycemia and 
glycosuria following the injection of epinephrine seems to be caused by a 
diminution of the alkalinity of the blood. 
oe SU RR Se C0 gl Re eo oc 


12 Peters, J. P., and Geyelin, H. R., J. Biol. Chem., 1917, xxxi, 471. 
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In order to see whether a diminution of the alkali reserve of 
the blood after thyroid feeding has any relation to epinephrine, 
Peters and Geyelin’s experiments were repeated on normal 
rabbits. * 

Methods.—Adrenalin (1:1,000 Parke, Davis and Company) 
was injected subcutaneously into full grown rabbits in doses of 
0.5 gm. or 1 mg. of epinephrine per kilo of body weight. Before 
the experiments some rabbits were fed on oats only, the others 
on oats and greens for 4 days. Directly before epinephrine in- 
jection the animals were fasted for 24 hours. After epinephrine 
injection the CO, capacity of the plasma was determined as de- 
scribed in the preceding chapter. The urine in 24 hours after 
- the injection was collected and its sugar content was determined 
polariscopically. The details are shown in Table III. 

TABLE III. 
The Influence of Epinephrine* Injection upon the Alkali Reserve of the Blood 


Plasma. Food in Preparatory Period (4 Days), Nos. III and 
VI Oats Only; for Others, Oats and Greens. 


Rabbitan. ea eee frosts een ae It Il III IV V VI VII 
Body Wwerghtakoue ones eke ome 2.38] 1.88} 1.70) 1.80} 1.94) 1.70) 1.72: 
Before injec- | 54.8] 63.2} 53.8] 53.9] 58.6] 48.5] 56.7 

tion. 

Plasma CO. ca- |—— | ee 
pacity. (Ce. of 3 59.5] 56.7] 50.7| 59.5: 
COs, reduced | —— ] —— } —— | — | ——— | ——_ | 
to 0°, 760 mm., 1 . 59.6] 55.7| 49.2! 59.5. 
bound as _ bi- Hr fter — | —— | —— |] ———. | | = | _—_|_—— 
carbonate by |... e 61.9] 55.6] 47.2] 60.0 
100 oe afte injection.) | js ea 
plasma.) TR 4 | 62.4] 59.5] 54.4] 63.3 

7 | 52.8] 58.6] 54.5 
Urine in 24 hrs. | Volume, ce. 137} 103} 95} 129) 116) 180) 203 


after injection. | Dextrose, gm. | 0.81] 1.47| 0.56} 0.42) 0.40) 0.39) 1.79 


* Epinephrine injection, 0.5 mg. per kilo of body weight in Rabbits I ~ 
to VI; 1.0 mg. in No. VII. 

+ The sugar content of the blood before epinephrine injection, and 2, 
4, and 7 hrs. after epinephrine injection respectively was 0.13, 0.33, 0.25, 
and 0.15 per cent. 
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From this table it will be seen that in normal rabbits epinephrine 
injection does not cause any noteworthy decrease of the CO, 
capacity of the plasma. Judging from the glycosuria and hy- 
perglycemia, the drug employed was very effective. The sugar 
estimation in one case and my previous experiments! concerning 
the epinephrine hyperglycemia show that the maximal point of 
the epinephrine hyperglycemia is usually obtained from 2 to 4 
hours after the subcutaneous injection of epinephrine. No 
marked decrease of the alkali reserve was observed even at this 
point. So far as shown by these experiments, no evidence was 
cbtained that hypersecretion of the adrenals plays any réle in 
acidosis found in thyroid-fed animals. 


The Influence of Sodium Bicarbonate upon the Decrease of the Liver 
Glycogen of Thyroid-Fed Rats. 


Pavy and Bywaters" reported that the postmortem production of 
sugar in the liver may be virtually checked by the injection of a 2 per 
cent solution of sodium carbonate into the portal system of the living 
animal. A similar effect of alkali upon the sugar production of the liver 
was reported by Pavy and Godden” in chloroform glycosuria, which is 
dependent upon the glycogen supply of the liver. A cat was made-glyco- 
suric by chloroform anesthesia, and then sodium carbonate, in 3 per cent 
solution, to the amount of 0.75 gm. per kilo of body weight, was injected 
into the femoral vein. This brought about a speedy reduction in the 
glycosuria. Murlin and Kramer!® reported that in pancreatic diabetes, 
sodium carbonate decreases glycosuria and that glucose thus retained is 
not held back as glycogen. According to them, sodium bicarbonate had 
not the same effect as sodium carbonate. Underhill,17 however, observed 
a very favorable effect of sodium bicarbonate in decreasing glycosuria in 
diabetic patients. Feeding normal rabbits on either base-forming diet (car- 
rot) or acid-forming diet (grain), McDanell and Underhill!® reported that 
the former is somewhat more efficient in the formation of liver glycogen than 
the latter. 


In connection with the rapid decrease of the liver glycogen 
and an onset of acidosis in the thyroid-fed animals, I have made 


13 Kuriyama, S., J. Biol. Chem., 1917, xxix, 127. 

14 Pavy, F. W., and Bywaters, H. W., J. Physiol., 1910-11, xli, 168. 

15 Pavy, F. W., and Godden, W., J. Physiol., 1911-12, xliii, p. vii. 

16 Murlin, J. R., and Kramer, B., J. Biol. Chem., 1916, xxvii, 481. 
Kramer, B., Marker, J., and Murlin, J. R., ibid., 1916, xxvii, 499. 

17 Underhill, F. P., J. Am. Med. Assn., 1917, Ixviii, 497. 

18 McDanell and Underhill, J. Biol. Chem., 1917, xxix, 255, 
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some experiments on the influence of alkali upon the decrease of 
the liver glycogen of thyroid-fed animals. 

Methods.—Desiccated thyroid was given to albino rats in doses 
of 1 gm. per day for 4 days. As the main food, dog biscuit-lard 
paste was used. 0.8 to 0.4 gm. of sodium bicarbonate was mixed 
with the food every day. When a larger amount of bicarbonate 
was given, the animal refused to eat it. On the 4th day 1 or 2 
em. of sucrose was given in some cases. In the morning of the 
5th day, the liver glycogen was determined: The results are 
shown in Table IV. 


TABLE IV.. 


The Influence of Sodium Bicarbonate upon the Decrease of Liver Glycogen of 
Thyroid-Fed Rats. 


22:) Pee ey ee sah CE Der rncr aa Meanie tants on I II Iit IV Vv 
Body weight; gmteioee ae face eee 255.7| 218.6] 217.4 | 209.6] 230.1 
Ist day. Paste, gitas.a) 6S 0% 6. Ui one 6.6} 4.5 
NaHCOs, gm.| 0.3} 0.3) 0.4 0.44 0.4 
2nd day. | Paste, gm.... 6.9) t. 6° 6) rie 6.0} 6.0 
NaHCoO;, gm.| 0.3} 0.3) 0.4 0.4) 0.4 
Desiccated = | |__| _ |__| 
thyroid 3rd day. | Paste, gm.... 6.8) ) (6.0 BSGke 6:6)) +620 
1 gm. + NaHCoOs, gm. 0/3 0.3 0.4 0.41 0.4 
Paste, gm.... 6.9| 6.8 6.9 6.4, 8.0 
Ath day. | Sucrose, gm.. 0 1k. GO) 466 ZOMG 
NaHCoOs;, gm.| 0.3} 0.3] 0.4 0.4) 0.4 
Calories......| 38.6} 42.2) 88.6] 44.3) 44.1 
Loss of body weight, gm... .-:2 9. en —8.8/—25.8)—24.0 |—21.5)—21.5 
Weights.gi7 ict eee 9.4, 6:8) 65 Dane eO2S 
: [9g ier eee} 10.9 23.4 
Liver. phe 0 nee 0 
Veh DEL CEN ame 0.2 0.4 


From this table it will be seen that under the experimental 
conditions employed, an oral administration of a relatively small 
amount of sodium bicarbonate does not specially modify the de- 


a ‘ 
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crease of the Jiver glycogen of thyroid-fed rats. The kind of 
alkali, the method ‘of administration, and the dose must, how- 
ever, be taken into consideration. Though it may be possible 
that the acidosis in experimental hyperthyroidism plays some 
role in restraining the new formation of liver glycogen, further 
investigations are needed for making this relation clear. 


SUMMARY. 


In normal rabbits the level of the alkali reserve of the blood is 
markedly dependent upon the character of the food. Though 
the CO: capacity of the plasma is 61 to 64 in green diet, this 
value is reduced to 48 to 53 on the oat diet. The hydrogen ion 
concentration of the blood remains constant with both kinds of 
diet (pH 7.85 to 7.5). Thyroid feeding induces a noteworthy 
acidosis in oat-fed rabbits (CO. capacity of the plasma, 29 to 30; 
pH of the blood, 7.25 to 7.8 before aeration, 7.9 to 8.0 after aera- 
tion). On green diet these changes are not so marked, probably 
being repaired by the base-forming character of the food (COs 
capacity of the plasma, 44 to 46; pH of the blood, 7.45). 
The acidosis induced by thyroid in oat-fed rabbits can be promptly 
removed by omitting thyroid from the diet and adding greens. 
Acidosis appears also in rabbits either fasted or fed with animal 
tissue powder, but to a smaller degree than in the thyroid-fed 
.animals (CO, capacity of the plasma, 36 to 35, and 41 to 39 re- 
spectively). Acidosis induced by thyroid feeding is probably 
due to an increased production of acids in the body. 

Epinephrine injection into rabbits failed to cause any note- 
worthy acidosis. No evidence was obtained that the acidosis 
found in thyroid-fed rabbits is induced by hypersecretion of the 
adrenals. | 

When a small amount of sodium bicarbonate was orally ad- 
ministered into thyroid-fed rats, the decrease of the glycogen 
content of the liver was nearly as great as that in those without 
any excess alkali. 


The author desires to express his thanks to Professor Frank 
P. Underhill for his suggestions and interest throughout the 
course of this and the two foregoing investigations; also to Pro- 
fessor Lafayette B. Mendel for his advice. 
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THE STRUCTURE OF YEAST NUCLEIC ACID. 
II. URIDINEPHOSPHORIC ACID. 


By P. A. LEVENE. 
(From the Laboratories of The Rockefeller Institute for Medical Research.) 


PLATE 1. 


(Received for publication, December 1, 1917.) 


In a series of articles published in the course of the last few 
years, Walter Jones! and his coworkers advanced a theory on the 
mode of linkage of the four nucleotides taking part in the molecu- 
lar structure of yeast nucleic acid. According to these authors, 
the nucleus of yeast nucleic acid is a tetra-ribose of the following 
structure [(C;H190;)4—3 H2O]. Jones and his coworkers have 
based their conclusions on the analysis of three substances which 
they had regarded-as dinucleotides. 

In a previous publication? it was pointed out that the theory of 
Jones and his coworkers was not the only possible conclusion 
from the facts presented by them. It was further pointed out 
that not sufficient rigor had been exercised in proving the dinucleo- 
tide structure of the substances described by them. In the same 
publication the present author reported in a preliminary way the 
results of his own attempts to fractionate the pyrimidine nucleo- 
tides described by Levene and Jacobs.? For this purpose the 
crude nucleotides were transformed into the brucine salts and 
these were repeatedly recrystallized from dry methyl alcohol. 
In this manner a substance of constant composition was ob- 
tained. On conversion of the brucine salt into a barium salt, the 
composition of the substance was not altered. Both the brucine 
and the barium salt had the elementary composition of a di- 


1 Jones, W., and Richards, A. E., J. Biol. Chem., 1914, xvii, 71. Jones, 
W., and Germann, H. C., tbid., 1916, xxv, 93. Jones, W., and Read, B. E., 
abid., 1917, xxix, 123; xxyi, 39. 

2 Levene, P. A., J. Biol. Chem., 1917, xxxi, 591. 

3 Levene, P. A., and Jacobs, W. A., Ber. chem. Ges., 1911, xliv, 1027; J. 
Biol. Chem., 1912, xii, 411. 


229 


230 Yeast Nucleic Acid. II 


nucleotide. And yet, such a conclusion did not appear entirely — 
compelling, and further attempts at fractionation seemed de- 
sirable. Crystallization of the same crude brucine salts from a 
35 per cent solution of ethyl alcohol was now resorted to. Pass- 
ing the salts through eight recrystallizations, it was possible to 
separate them into two principal fractions. The less soluble 
part had a composition of the salt of uridinephosphoric acid and 
the: more soluble that of cytidinephosphoric acid. Each of these 
could be converted into its barium salt. The barium salt of the 
uridinephosphoric acid precipitated out of a concentrated aqueous 
solution in the form of long needles, aggregated in rosettes re- 
sembling in form those of an osazone. On the other hand, the 
barium salt of the cytidinephosphoric acid appeared under the 
same conditions in the form of microscopic granules. The two 
salts differed in their solubility and in their optical rotation. In 
this communication only the results of the analysis of uridine- 
phosphoric acid will be reported since attempts are still in prog- 
ress to obtain the barium salt of the cytidinephosphoric acid also 
in crystalline form. The purity of the uridinephosphoric acid has 
been proven by the fact that amino nitrogen could not be detected 
on the analysis, either of the barium salt directly, or after pre- 
vious hydrolysis. Nor was it possible to isolate from the product 
of its hydrolysis any other base than uracil. The specific rotation 
of the substance was [a]; = + 3.5°. 

Thus it is evident that the substance previously described as 
pyrimidine dinucleotide was a mixture of two mononucleotides. 
This observation is important inasmuch as it demonstrates con- 
clusively that for the present there is no experimental proof 
for the assumption of a tetra-ribose as the nucleus of yeast 
nucleic acid. This, however, does not exclude the possibility 
that such proof may be furnished in the future. Meanwhile the 
structural formula of yeast nucleic acid, free from all arbitrary 
elements, may be written in the following form. 
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(Levene: Yeast nucleic acid.) 


P. A. Levene : POL 


OH. ~ 
O—=P — C;H;0, . C;H,N;O 
OH” 
OH. 
O=—-P a C,;H;0, . C,H,N;O 
OH 


OH, 
OP = C.H.0,. CHING 
OH” 


—3H,0 


OH. 
O=P — C;H,0O, . C;H4N; 
OH” 

* Bottomley has recently (Proc. Roy. Soc., B, 1917, xc, 39) criticized 
the view expressed by Levene and Medigreceanu (J. Biol. Chem., 1911, 
ix, 375, 389) that the first phase in the enzymatic cleavage of nucleic acid 
consisted in the dissolution of the union between individual mononucleo- 
tides; Bottomley modified the theory, accepting that the first: phase of 
decomposition of nucleic acid is limited to its cleavage into two dinucleo- 
tides. This hypothesis may eventually prove correct; however, the evi- 
dence furnished by Bottomley is unsatisfactory. The author made no 
attempt to fractionate his crude material. For the present the conclu- 
sion of Bottomley seems to us unsustained by facts. 


EXPERIMENTAL. 


The condition of hydrolysis and the method of preparation of 
the mixed pyrimidine nucleotides were the same as previously 
described. Care was taken to keep the temperature of the oil 
bath during the hydrolysis at 100°C. 

The crude silver salts were suspended in water and freed from 
silver by means of hydrogen sulfide. The filtrate from silver sul- 
fide was freed from hydrogen sulfide by aeration, then rendered 
alkaline by means of a solution of barium hydroxide in order to 
remove the phosphoric acid. The filtrate was then neutralized 
and concentrated at diminished pressure and at 50°C. From the 
eoncentrated solution the barium was removed quantitatively 
and to the filtrate brucine in methyl] alcoholic solution was added 
until the originally acid solution turned slightly alkaline to litmus. 
On standing, a crystalline deposit of the nucleotides formed. 

The separation of the two nucleotides was brought about by 
recrystallization from 35 per cent ethyl alcohol. After eight 
recrystallizations the brucine salt of a pure uridinenucleotide was 
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obtained. In the purification of the brucine salt one may, to 
some extent, be guided by its melting point. The pure material 
on heating in a capillary tube first contracts at 183°C. (corrected), 
then melts, and finally decomposes at 198°C. (corrected). How- 
ever, even after this phase is attained it is advisable to repeat 
recrystallization at least three times. The optical rotation of the 
substance was not measured because of its great insolubility in 
water and in other solvents. The solubility of the salt is greater 
in dilute alcohol than in water, but the solubility even in this 
reagent is not great enough to permit an accurate optical 
measurement. 

The composition of the brucine salt (No. 70) was the following: 


0.1027 gm. substance gave 0.1998 gm. CO» and 0.0584 gm. HO. 
0.2000 “ ef: “* 12.0 ce. of nitrogen at t° = 22°C. and p = 764 mm. 
0.2000 ‘ 2 “0.0168 gm. MgeP207. 


Calculated for 
CssHesNePO7+ 7 H20: Found: 


sg ee De oe Bee ew ce ee ee 53.20 53.06 — 
Leos witha ard elem neve ahah ie 5a 8 0k ee oa ee 6.51 6.37 
IN Sete eStart eet Pee oe Oe eee eee 6.80 6.96 
Pyro accBiok ce Bele at let ke hee eee nee 2.52 2.37 


Conversion of the Brucine Salt into the Barvum Salt—The bru- 
cine salt was dissolved in hot water by means of an excess of 
ammonia water, and the brucine was extracted by means of 
chloroform in a separating funnel. The aqueous solution of the 
nucleotide was repeatedly evaporated to dryness under dimin- 
ished pressure with an excess of barium hydroxide until all 
ammonium was removed. The residue was then dissolved by the 
aid of some sulfuric acid, and to the solution a barium hy- 
droxide solution was added until the reaction turned slightly 
alkaline to phenolphthalein. The filtrate from the barium 
hydroxide was concentrated under diminished pressure at a tem- 
perature of the water bath not exceeding 50°C. It is preferable 
to interrupt the distillation just before the nucleotide begins to 
settle out while the distillation is still in progress, since in such 
case it may have an amorphous appearance. If desired the 
barium salt may be recrystallized out of water. When air-dry 
the substance has a granular appearance, and microscopically it 
consists of rosettes composed of long needles, as is shown in the 
figures. 
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Sample 57. 

0.1024 gm. substance gave 0.0888 gm. COs, 0.0242 gm. H.O, and 0.0502 
gm. BasP207. : 

0.1015 gm. used for Kjeldahl nitrogen estimation required for neutrali- 
zation 4.47 cc. 0.1 N acid. 

Sample 55. 

0.1422 gm. substance used for Kjeldahl nitrogen estimation required 
for neutralization 6.36 cc. 0.1 N acid. _ 

0.1422 gm. substance gave on fusion 0.0348 gm. Mg»P.O;. 


0.0711 “ “ “ 0.0356 gm. BaSO,. 

Calculated for Found: 
CoHi1N209PBa: No. 55 No. 57 

ekg eh cae 23.50 23.65 

UL Epa Stas fhe) eee 2.41 2.64 * 

Leakey ARE Ras cen ge Mie de 6.10 6.27 6.16 

ee Ma ttaree ne ULM ete. ees 6.75 : 6.82 

fot) reels hia) ISON ie aN ieee 29.90 29.47 

AGS EGO) ae Pee ele oh axe Ree 48 .97 49 .02 


The specific rotation of the Ba salt in a 2.5 per cent solution of 
HCl was 


ig 


Te CAS 


Hydrolysis of Barium Salt.—9.0 gm. of the barium salt were 
dissolved in 100.0 cc. of water to which 13.0 gm. of sulfuric acid 
were added and the solution was heated for 4 hours at 125°C. 
in a sealed tube. The sulfuric acid was removed quantitatively 
and the solution was concentrated under diminished pressure 
until uracil] began to crystallize. The mother liquor from uracil 
was tested for amino nitrogen with a negative result. Also the 
attempt to prepare an insoluble picrate of cytosine was unsuc- 
cessful. 

The uracil was recrystallized from dilute sulfuric acid and had 
the following composition: 


0.0984 gm. substance was employed for a Kjeldahl nitrogen estimation 
and required for neutralization 17.49 cc. of 0.1 N acid. 


% 


Calculated for 
CiHiN:203: Found: 
PUM EE 5. Sigg ws cad GROIMACE os io. 1p. aude SR ae 25.05 24.88 


Cytidinephosphoric Acid.—The mother liquor from the brucine 
salt of the uridinephosphoric acid was concentrated until a second 
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crystallization began to deposit. This second brucine salt was 
converted into a barium salt, which had the composition of the 
salt of cytidinephosphoric acid. The salt deposited in form of 
microscopic globules. Attempts are being made to obtain it in a 
crystalline form and, because of this, the results of the analysis 
of the substance are deferred to a later date. 


THE DETERMINATION OF SODIUM AND POTASSIUM. 


By F. H. McCRUDDEN anp C. S. SARGENT. 
(From the Robert B. Brigham Hospital, Boston.) 


(Received for publication, November 26, 1917.) 


Sodium and potassium can be separated from other com- 
pounds as NaCl-+ KCl, and the amount of each calculated 
from the chlorine content of a known weight of the mixture. 


NaCl ++ KCl = 8! 
35.45 


NaCl + 33 KCl = H? 


35.45 
58.50 


Though the possibilities of error are great, the method is, never- 
theless, practicable. 
The percentage error in NaCl: percentage error in C] = 


ie 
7 NaCl ANaCl.H 


AHA TL ANaCl 
tO 


(ANaCl and AH being the absolute errors). 
Solving the first two equations: 


35.45 
Lae 

74.56 
NaCl = 395 35.45 
58.50 74.56 


Differentiating NaCl with respect to H: 


5NaCl _ 1 
su ~ 35.45 38.45 


58.50 74.56 
Substituting these values, we get as percentage error in sodium 


1 Sum. 
2 Halide. 
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1 H H 
soe oS COT 
8545 85.45 Fy BSA ry BMT 
58.50 74.56 __ 74.56 74.56 
35.45 35.45 
58.50 74.56 


times that in chlorine,? a value which increases as the propor- 
tion of sodium in the mixture diminishes. 


H 
Magnification of Percentage Error in Chlorine (a 35.45 th 


~ 74.56 
ACT SK GL ier, 32 oer ents Sete 9:14 8:2] 7:3 | 6:4] 5:5 | 4:6 | 3:7 | 2:8} 1:9 
Magnification...................| 5.0) 5.3] 6.1] 7.0} 8.1/10.0)13.0)18.4/35.8 


The very small error in the McLean- Van Slyke chloride method! 
can abide such ten- or twenty-folding. 

The steps in the McLean-Van Slyke method are as follows: 
(1) add standard silver nitrate to solution of chlorides; (2) 
make to definite volume, filter, take aliquot part of filtrate; 
(8) titrate excess of silver nitrate in aliquot part with standard 
potassium iodide. 

The error in measuring the silver nitrate with a pipette® (ex- 
perimentally determined) is 0.005 ce. in 20 cc., — 0.025 per cent. 
(We weighed the irregular amounts of silver nitrate used in our 
work; the use of a burette at this point would multiply several 
times the error shown in Table I.) 

If no more than 5 per cent excess of silver nitrate is added, the 
error in “definite volume and aliquot part’ will be only 5 per cent 
of the actual error in the measurements (5 per cent of 0. 10 ne 
cent = 0.005 per cent). 


’The total chlorides (NaCl + KCl) can be weighed accurately to 
0.1 mg.; but if any error is introduced at this point it will be multiplied 
35.45 
74.569 
He 35.45 


7456 times in the final result. 


4 McLean, F. C., and Van Slyke, D. D., J. Am. Chem. Soc., 1915, xxxvii, 
-1128. 
5 We used 0.1 n AgNO; and 0.02 n KI (approximately). 
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Titration Error. 


Experi- Weight of : ae 
ment | approsimatsly | 9 APDpymately, | | Klused forsarh | _Dexiation fom 
gm ce. cc 

1 1.0462 5.75 5.495 0.032 
2 1.0492 5.79 5.519 0.008 
3 1.0482 5.78 5.514 0.013 
4 1.0482 9.79 5.524 0.003 
5 1.0489 5.80 5.530 0.003 
6 1.0486 5.79 5.522 0.005 
7 1.0473 5.82 DEOD 0.030 
Shy 1.0473 6.81 5.552 0.025 

MELE DCSE alt ire i. Ae oe oe 5.527 0.015 


The average deviation from the mean was 0.015 cc:; the extreme 
deviation only 0.03 cc. If we take 0.04 cc.—the weight of one 
drop of potassium iodide solution (average of six determinations) 
—as the titration error, the corresponding error in the (one- 
fifth as strong’) silver nitrate will be (one-fifth of 0.04 cc. =) 
0.008 cc. or 0.04 per cent (of 20 cc.).® 

The error in sodium (0.2 to 0.8 per cent) calculated from a 
0.04 per cent error in chlorine is reasonably close to that actually 
found by experiment (Table I and Chart 1). 

Only when five place logarithms are used is the computation 
error’ safely less than the analytical error? (Table II, Chart 2). 


5.8500 gm. of sodium chloride dissolved in water and made up to 1 
liter weighed 1,004.1 gm.; 1 gm. of the solution contained 0.0058261 gm. of 
sodium chloride. 7.4600 gm. potassium chloride dissolved in water and 
made up to 1 liter weighed 1,005.2 gm.; 1 gm. of the solution contained 
0.0074215 gm. of potassium chloride.° 


6 Nothing is gained by making the potassium iodide solution either 
stronger or weaker; with a stronger solution the error is still about one 
. drop—an increase in the absolute error. With a weaker solution, the 
absolute error increases proportionately; the proportional error remains 
the same. | ; 

7 The error coming from not preserving enough significant figures in the 
calculations. 

8 “Four place tables should not be employed upon work of an accur- 
acy exceeding one-half of one per cent,’’ Holman, Computation Rules and 
Logarithms, New York, 1913, p. Ixxvi. 

-®The pure chlorides were made from the purest obtainable com- 
mercial products by twice precipitating the salts from saturated aqueous 
solutions with hydrochloric acid gas. The quantities of these solutions 
used in all analyses were accurately weighed on the analytical balance. 


Chlorine Equivalence of 1 Gm. of Silver Nitrate Solution. 


Sodium and Potassium 


Against NaCl. 


0 .0033749 — 


0.0033746 
0.0033754 
0.0033750 


0.0033757 


TABLE I. 


Against KCl. 


0.0033773 
0.0033773 
0 .0033746 
0.0033764 


Comparison of Calculated and Actual Error. 


NaCl found. 


Percentage error. 


Calcu- 
lated. 


ee | ee ee es 
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1 
2 
3 
Average.... 
Average.... 
Parts. 
NaCl} KCl 
8 2 
o 5 
4 6 
3 ‘J 
2 8 


Gm. used. 

NaCl KCl 
gm. gm. 
0.10293 0.022813 
0.10239 0.023311 
0.10386 0.023378 
0 -064012 0.067729 
0.064460 0.067476 
0.064327 0.067907 
0.053420 0.082394 
0.052781 0.082571 
0.041203 0.094061 
0.041070 0.093326 
0.029556 0.11191 
0.029288 0.111038 

0.11296 


0.029487 


gm. 
0.10288 
0.10233 
0.10370 


0.064155 
0.064699 
0.064590 


0.053620 
0.052756 


0.040820 


0.040780 


0.030209 
0.029673 
0.030147 


Found. 

Average. 

0.05 

0.06 0.09 

0.15 

0.22 

0.37 0.33 

0.4 

0.4 

0.05 Oe 

0.9 

0.7 0.8 

2.21 

1.31 1.9 

2.24 


0.32 


0.40 


0.52 


0.74 
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GOMPARISON OF CALCULATED —— 
WITH ACTUAL O 
ERROR 


Se 
SeEeeaasceeeetintfaseeceeeeeeitsasseeeettae 


hs 
oN 
Cor pei] SEL Ge Rew ea Ree eso 
Pri SADR SAN ASR ee Shee Ae oes eee eee ee 
| 7 ee [Spaeth Tees | | 
[| T | AGG VAG IASI s SSeS OA eRe DEBRA AREA RARA eee 
a Hye I She OOS A BAAD Sea Oe Bea PARES eee 
Eakh “Fhe ee wae PEERS ERS Bee ABD PSR Re Se ARREARS Bese 
at fg = DEST ROS Re Pee BRS RR Bee Pee ee 
EU Ne MTB EDR es BARRA Bee Ree eee 
ESESRGR oes. “qPCR EAS ERA SE hese Meh a She eRe Cee ee eee 
Bsa SeR Dy. “GSE RAED RAGS BRS REE Aa ee eee 
ARa ae Ha gt - 
# 2E Fes eEe eae By a Dake Pee Pee ene e see 
BE SSE oe Rae ee ee I a 4 
PERR PAS a ana UD RA DGGE e BERRA POIs ALARA AeA TI 
Se RaReS Ae ae" 5 (ER aI ADA RAE BOO Oe Se ee 
\7 JSS HASSE SRRRE EES eR RRR eAa 
Besa ag Eee SS SSS Ghose Re Be Sea BRAS 
CART PaaRe eee os PEC ECO ie CECE EE EEE EEE EEE EEE ECE EE CELE 
ERRESESeS> SSE See {) Jeaeaee Baeeeae Peete CC eee 
a SERRATE. TF onde tye tL 
Aen PERE as SESS 00080 0S8eR eee = faces soy 
SeR SS SRE ES See eee eee BREAST ADE eS ORs PORE De PEseee—_~ 
IO 0S RPO Rn SS UA ee ee 
oto Lek eB a LD OB EO DB BB EC BG St BB BBL 
PRAR EE RaeR coh BOR SRE Rese ROR ees Pee ee eee es eee ee 


© 


PERCENTAGE ERROR 


PE pags gn fe aE aa a ee 
PLARS RAS BS iol RDA RAGE Aes RAE BARRE SSRs Rees 
8) 2 ie’ Ve tae re SE OO SLO 
Sie i ‘faa: a inna He GRASS eS Rs ROPE ReR ORS CY SRR 
Spe ae ae WE SRREEP SERRE eee eee a es 
Ut ii /a a BSS eA SIS AAAS R LD PRA SRSGaARRRSRDRSA 
le GHG ns Chew ees AG eee HEE Peden ye tele epee 


2 Oa SG ea. 9 
PARTS NaCl IN 10 


Cuart 1. Calculated and actual error. Abscisse = parts of NaCl in 
ten parts of NaCl+ KCl. Ordinates = percentage error in sodium. 
Curve = calculated error in sodium for 0.04 per cent error in Cl. 
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TABLE II. 


Comparison of Computation Errors. 


Parts. NaCl Computation error. 

Added. Found. Logarithms. 

Slide 
Logarithms. ae Foust vive 
12 inch place. place. 
pide 

= rule. . Lo Pa us 
218 piace. | place. | Six place | |E#) | 88 53 
mn as en cere ee emer 
8 2/0.102924 |0.1030 |0.1030 |0.10288 |0.102837 |0.16 0.16 0.04 

0.102338 |0.1028 |0.1025 |0.10233 |0.102263 |0.54/0.3/0.24/0.14 |0.07/0.06 

0.103862 |0.1034 |0.1036 |0.10370 |0.103623 |0.29 0.02 0.07 
pk \0.064012 0.0650 0 .06412/0.064155 ts 0.05 

0.064460 |0.0650 |0.06459/0 .064699 0.46|0.5|0.17/0.075 

0.064327 |0.06455/0 .06459/0 .064590 0.06 0.0 
4 | 6 |0.053420 10.0528 |0.05384/0 .053620 1 0 39-4 0.28 

0.052781 |0.0528 |0.05284/0 .052756 0.1 0: Lope 
3 | 7 |0.041203 10.0398 |0.04076)/0 .04082 2.4 1.62: Plo 98 

0.041070 |0.0405 |0.04061)/0.04078 0:72) Ore ae 
2 | 8 |0.0295559]0 .03138/0 .03038/0 .030209)0 .0302909]3 . 6 0.3 0,27 


0 .0292872/0 .02984|0 .02954|0 .029673/0 .0297518|0.3 |1.7/0.7 |0.58 |0.27/0.27 
0 .0294860]0 .03059/0 .03000/0 .030147|0.0302259)1 . 2 0.75 0.27 
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COMPARISON OF COMPUTATION ——=-— 
WITH ANALYTICAL 
ERROR 


an 
HH 
: cc 
oN Faaate 
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2 a plates aloe ai 
c OS : Sesenes au 
a rE rE 
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Ss zee 
OS ree perwese eae : 
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om, TL a3 
Ree “8 JS BERR oes 
1 Ie Detaps dee hore |e 


hte 
PTY TT a 
ree 4 


PERCENTAGE 


~ 


Ea 

is 
Sueaeee 
Sane 26 


PMY wisoaeat caste titetetiacriatiiat eat 


Se. Sue’ 
PARTS NaCl IN 10 


Cuart 2. Computation error. Abscissa = parts of NaCl in ten parts 
of NaCl + KCl. Ordinates = percentage error in sodium. Full line = 
analytical error. Dotted lines = computation errors. 
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SOME NEW CONSTITUENTS OF MILK.* 
Tuirp Paper. 
A NEW PROTEIN, SOLUBLE IN ALCOHOL. 
By THOMAS B. OSBORNE anp ALFRED J. WAKEMAN. 


WITH THE COOPERATION OF CHARLES S. LEAVENWORTH AND 
OweENn L. NOLAN. 


(From the Laboratory of the Connecticut Agricultural Experiment Station, 


loan LE anam \ 
CORRECTION, 

On page 42, Vol. XXXIII, No. 1, January, 1918, the 18th line, for 
a read aus | j 
755 760° 

; 760 762 

ho Tea 
On page 44, the 17th line, for 762 r 760° 


er eet | ea ve 


the other proteins heretofore obtained from milk was shown, not 
only by its behavior towards solvents and the proportion of some, 
at least, of the amino-acids which it yields on hydrolysis, but 
also by the fact that it does not react anaphylactically with any of 
these other proteins although it is itself highly anaphylactogenic. 
That this protein is an original constituent of milk and not a prod- 
uct of the action of alkali or other reagents used in purifying 
casein is shown by the fact that it can be obtained from casein 
which has been separated from milk simply by the addition of 


*The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Wash- 
iIngtronw iL. C. 
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hydrochloric acid. Owing to the fact that its acid compounds 
are soluble in water it can also be obtained from milk serum 
from which casein has been precipitated by acid and the coagu- 
lable proteins by heat. . 

From the purified casein which has been prepared in this lab- 
oratory we have obtained large volumes of dilute alcoholic ex- 
tracts from which several hundred grams of this unique protein 
have been isolated in the following manner. 

Casein was precipitated with dilute hydrochloric acid from 
centrifugated milk, filtered out, pressed, suspended in water, and 
dissolved, while actively stirring, by gradually adding dilute 
sodium hydroxide solution. From the resulting solution, which 
was but slightly alkaline to litmus, the casein was precipitated by 
dilute acetic acid. After twice reprecipitating in this way the 
casein was again suspended in water, dissolved by adding very 
dilute sodium hydroxide solution, precipitated by highly diluted 
hydrochloric acid, and filtered out on cheese-cloth. A sample 
of the filtrate when evaporated to dryness left a residue, chiefly 
sodium chloride, which dissolved completely in water, gave no 
biuret reaction, and no reduction with Fehling’s solution. 

The moist casein was then suspended in about an equal vplume 
of 92 per cent alcohol, stirred for a short time, filtered out on 
cheese-cloth, and the extract filtered clear through paper pulp. 
In this way we obtained 43 liters of the first alcoholic extract, 
which was acid to litmus and contained 43 per cent by weight of” 
alcohol and 350 gm. of solids, much of which was sodium chloride. 
The casein was again stirred up with more 92 per cent alcohol 
and 16 liters of a second extract were obtained containing 54 per 
cent. of alcohol and 113 gm. of solids. ’ 

Of the first alcoholic extract 40 liters were concentrated to 
one-half, under diminished pressure, below 75°. The turbid 
concentrated extract on standing deposited on the bottom of the 
jars a transparent syrupy sediment, A. From this the nearly 
clear solution was decanted and concentrated to about 15 liters 
in open dishes. On cooling over night to room temperature a 
coherent deposit, B, formed. 

A and B were dissolved in a little warm 70 per cent alcohol 
and the somewhat turbid solution was poured into several volumes 
of distilled water whereby an opaque colloidal “solution” was 
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produced. On adding a little sodium chloride a rapidly settling 
floceulent precipitate separated, leaving very little except salt in 
the nearly clear solution. On standing a short time the pre- 
cipitate contracted to a coherent mass from which the solution 
’ was decanted almost completely. 

When this precipitate was treated with about 600 cc. of abso- 
lute alcohol and warmed it yielded a solution from which a very 
little suspended flocculent substance was removed by filtering. 
The filtrate was then concentrated 7m vacuo until much protein 
separated in consequence of the loss of alcohol. On adding ab- 
solute alcohol and warming, a syrupy solution resulted which 
remained clear on cooling. This was poured into about 3 liters 
of absolute alcohol, whereupon most of the dissolved protein was 
precipitated. On adding a few drops of a strong solution of 
ammonium acetate the rest separated, leaving the solution clear. 
The precipitate was sucked out on a Buchner funnel, washed twice 
with absolute alcohol, and three times with absolute ether. When 
dried over sulfuric acid it formed a snow-white, friable mass 
which weighed 89 gm. and was easily reduced to a fine powder. 
This was designated preparation A. 

Solution B, page 244, was evaporated to about 10 liters and 
cooled over night to room temperature. The solution was de- 
-eanted from the coherent deposit which separated. The latter 
was rinsed with water, dissolved in warm 70 per cent alcohol, its 
solution filtered clear through paper pulp, and concentrated in 
vacuo, until much of the dissolved protein separated. Absolute 
alcohol was then added and the mixture warmed. A clear syrupy 
solution resulted, which remained clear on cooling. This was 
then poured into absolute alcohol and the protein, which sepa- 
rated almost completely, was sucked out, washed with absolute 
alcohol, and then with dry ether. When dried over sulfuric acid 
46 gm. of preparation B were obtained. 

The solution from which B had first separated was further con- 
centrated to about 5 liters and, by the same procedure as em- 
ployed for B, 28 gm. of preparation C were secured. 

The 16 liters of the second alcoholic extract of the casein, 
page 244, were concentrated zn vacuo to about 3 liters and cooled 
to room temperature. Nearly all of the dissolved protein sepa- 
rated as a coherent deposit. When subjected to the same treat- 
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ment as employed in making preparation B, 59 gm. of preparation 
D were obtained. Preparations A, B, and C represent succes- 
sive fractional precipitations, while D includes all of the protein 
removed by extracting the casein a second time with somewhat 
stronger alcohol. | 

The following analyses show no appreciable differences be- 
tween these several fractions of this peculiar protein. 


Preparation. wie nese eee A B C D 
per cent per cent per cent per cent 

Mogsture ati 110") en. as 9.49 5.99 7.00 8.09 

AST ine Suen i eight eae 1216 0.62 1.73 0.57 


Calculated Ash- and Moisture-Free. 
15.80 15.67 15.70 15.49 


INTUPOGCT ee beet 1ST 15.67 15.70 15760 
15.88 

SBE Ui sels se gene eae eee 0.97 0.94 0.94 1.00 

Phosploris ay wie eee os hice ERIC 0.03 0.10 0.03 


A composite sample of these four preparations was analyzed 
for carbon and hydrogen with the following results, calculated 
moisture- and ash-free. 


Car bOneit . 45.2. aa Wie oe ee ee ee 55 07 54.86 
Hydrocens 0.5 eae ue ele even ee ae ne eee 7.24 1.23 


A fifth preparation of this protein was made from the first 
and second alcoholic washings of another lot of casein which 
had been precipitated from about 500 liters of milk. The pro- 
tein which separated after cooling the concentrated washings 
was dissolved in a little warm 70 per cent alcohol and its solu- 
tion poured into about 50 liters of cold water. On adding so- 
dium chloride most of the protein separated. The precipitate 
was collected on filters, redissolved in warm 70 per cent alco- 
hol, and the solution filtered through paper pulp. The filtrate 
and washings (about 2 liters) were concentrated in vacuo to 
about 800 cc. with sufficiently frequent additions of strong alco- 
hol to keep the protein dissolved. The concentrated solution 
was poured into a large volume of absolute alcohol and the 
resulting precipitate sucked out, washed first with absolute 
alcohol and then with ether. This preparation, E, when dried 
in warm air weighed 112 gm., and had the following composition. 
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per cent 
IVES O meet Eee a 150. ae, 5.60 - 
Fhe ikl) | 1 tole 8 a ae ae eri shien A Tete 
Ash- and Moisture-Free. 
COLT T Gils Tie Rite SS elt gel leo 54.81 
MELE GOMI NA) 2A) Fete shel s Ko da tli., cake Red OER 8 7.06 
ROEM PEI. orare i.e hitasis OSes. sad Moc ee 15.71 15.69 
SPU ack ol bie hie ge oe oe a 0.89 
STOO LILO CSE te eB ey sub inc wha «ahd, ¢ 00ers 0.28 


Comparison of the average of the above figures with the cor- 
responding data for casein shows the alcohol-soluble protein to 
contain distinctly more carbon and sulfur and less phosphorus. 


Alcohol-soluble Casein. 


protein. 
per cent per cent 
OP eel he oe Oe OR er tg re 54.91 53.11 
Wr Ogetie titantron: Salt eet gales ets es eile 7.05 
PET OCCT ea Pee es chaihe tre Ae iy, 's ink ayhie ¥ die 15.71 15.65 
SSLPU UT is oes Set eae ee 0.95 0.82 
PGR DUOT Us) eMC as Codie Sus ard dea wad 0.08 0.82 
Oxvgeme DY: GULerence ycx.y scowl dees ss 21.18 22.55 
100.00 100.00 


Determinations of the distribution of nitrogen, according to 
Hausmann’s modified method, and also the proportion of basic 
amino-acids, according to Kossel are of interest since all known 
alcohol-soluble proteins of vegetable origin are characterized by 
a large proportion of amide nitrogen and a small proportion of 
basic nitrogen, especially of lysine. 

The results obtained were as follows: 


Partition of Nitrogen in the Alcohol-Soluble Milk Protein. 


IPrOPAration Nosee comuls Sehte lesions A B Cc D Casein. 
per cent percent percent percent per cent 
Amide nitrogen........... 165 00 1.55 1,51 1.62 
Beieos | 56 1.55 1.51 
Basic Rate sehke tee, SOR 2.25 2.00 2.80 2.43 3.49 
2.48 2.87 
UT GA tg Wich bo sadoejoerare 0°26 > 0.21 0.24 0.22 0.21 


0.28 0.22 
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Amino-Acids per 100 Gm. of Milk Protein. 


Alcohol-soluble protein. Casein. 
gm. gm. 
ATQinine Meee | okie 2: 92 ee 3.81 
Histidine sere ts co ce. ae 2.28 2.50 
EySInC Wee oh ea secs sae 3.98 9.95 
Ey Tositre Meme yp so coke 2.47 4.50 


These results show that casein yields much more basic nitrogen, 
as well as more arginine, histidine, or lysine, than does the alco- 
hol-soluble milk protein and demonstrate that these proteins are 
distinctly different in structure. 

The alcohol-soluble protein of milk does not yield more amide 
nitrogen, nor less basic nitrogen, or lysine, than do most other 
proteins, and in these respects does not resemble the alcohol- 
soluble proteins of vegetable origin, although so like wheat 
gliadin in its solubility in relatively strong alcohol. 

Further evidence that this peculiar protein has no genetic 
relation to casein is shown by the results of anaphylaxis experi- 
. ments made by Professor H. G. Wells with a preparation which 
we sent him, and also with a preparation of the casein from which 
the alcohol-soluble protein had been extracted by dilute alcohol. 


Sensitizing Dose. Intoxicating Dose. Result. 
gm. gm. 
Casein: rae: 0.001 Casein seston 0.05 Died in 15 min. 
Se Ca) See 0.001 oa igs a ee 0.05 Cale oem 
Alcohol-soluble Aleohol-sol- 
protein..... 0.001 uble protein 0.05 mena be) 
< 0.001 Gi 0.05 wee Miia hk yo % 
* 0.001 Casein. .<cce 0.05 No symptoms. 
fe 0.001 Rui ee 0.05 nS si 


Since acid compounds of the alcohol-soluble protein are soluble 
in water it is probable that a further quantity is present in the 
milk serum from which the casein had been precipitated. Ex- 
amination of the alcoholic extract of large quantities of the co- 
agulated protein obtained by boiling the acid filtrate from the 
casein failed to reveal the presence of any of this protein therein. 

On the other hand some was found in the filtrate from the 
coagulated proteins. Thus 20 liters of milk were made neutral, 
first to litmus and then to phenolphthalein, and the precipitates 
were successively filtered out. Such neutralization precipitates 
contain considerable protein, but numerous attempts have failed 
to detect the presence of the alcohol-soluble protein in them. 
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The filtrate from the last precipitate was made neutral to litmus 
with hydrochloric acid and evaporated until a large part of the 
lactose was removed by successive crystallizations. The mother 
liquor (780 cc.) was saturated with ammonium sulfate, the pre- 
cipitated proteins were dissolved in water, and an equal volume 
of saturated ammonium sulfate solution was added which pre- 
cipitated much of the protein. This fraction was dissolved in 
water and alcohol added to 74 per cent by volume. The pre- 
cipitate produced when dried over sulfuric acid weighed 2.3 gm., 
Fraction I. 

The alcoholic filtrate from Fraction I was treated with an excess of 
strong alcohol and a little ammonium acetate solution added, 
which caused a practically complete precipitation of the rest of 
the protein. This was washed by centrifuging with 92 per cent 
alcohol and then centrifuged with alcohol of 70 per cent (by 
volume) in which much dissolved. After repeating this treat- 
ment three times a turbid, colloidal solution resulted. On add- 
ing five or six drops of a strong solution of ammonium acetate 
some protein was precipitated. This, Fraction II, was filtered 
out, and when dried over sulfuric acid weighed 0.55 gm. The 
clear brown filtrate (200 cc.) was poured into a liter of absolute 
alcohol, a few drops of ammonium acetate were added, and the 
flocculent precipitate was centrifuged out. When dried over sul- 
furic acid this fraction, No. III, weighed 1.8 gm. 

To determine whether Fraction III which was soluble in rela- 
tively strong alcohol contained the alcohol-soluble protein the 
anaphylaxis reaction was used. The results obtained by H. G. 
Wells were as follows: | 


Sensitizing Dose. Intoxicating Dose. Reaction. 
Alcohol-soluble protein.’ = Alcohol-soluble protein. Died in 15 min. 
“ce “é ; “ec ce (74 ce 10 “cc 
Fraction I. * None. 
c¢ I ; ce iz ce 
Alcohol-soluble protein. Fraction I. . 
“cc (<¢ 3 ce 12 <é 
Fraction III. s i 3 
“ el < Is ¢ 
Ly Ebe Alecohol-soluble protein. © Severe. 
(73 “ce 


43 ITT. Died in 5 min. 
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These experiments show that Fraction III sensitized guinea 
pigs to the alcohol-soluble protein obtained from the aleoholic 
washings of casein, but not to Fraction I. That no anaphylaxis 
reaction was obtained between Fractions I and III would at first 
sight seem strange, for while the methods employed for separating 
these fractions might lead to a fairly complete separation of the 
alcohol-soluble protein from Fraction I a complete separation of 
the latter from Fraction III could hardly be expected. The failure 
of Fractions I and III to react with one another, however, can 
be explained by the fact that numerous anaphylaxis experiments 
with many different preparations of the proteose-like products 
which we have obtained from milk showed that these were mostly 
destitute of anaphylactogenic power. The slight reactions 
which were occasionally obtained can now be easily explained by 
the presence of the alcohol-soluble protein in some of the prepa- 
rations used. 


Properties of the Alcohol-Soluble Milk Protein. 


The preparations of the alcohol-soluble milk protein are un- 
questionably acid compounds, for when 1 gm. is suspended in 
50 ce. of water 2.5 ce. of 0.1 Nn NaOH solution’ are required to 
obtain a neutral reaction to phenolphthalein. A slightly turbid 
solution is thus formed which becomes distinctly more turbid when 
0.5 ec. of 0.1 n HClis added. On continuing the addition of acid 
up to 1.3 cc. a coarse flocculent precipitate separates leaving the 
solution practically clear. At this reaction very little remains 
dissolved. 

Conversely when 1 gm. is suspended in 50 ec. of water a tur- 
bid solution results in which a not inconsiderable quantity re- 
mains undissolved.’ When0.1 n NaOH solution is gradually added 
the protein separates in coarse flocks, nearly all being precipitated 
when 1.2 cc. has been added; 7.e., at the same reaction as that 
at which it separates on adding acid to the solution neutralized 
to phenolphthalein. When an equal volume of absolute alcohol 
is added most of the suspended protein dissolves after vigorous 
stirring. On standing, the slightly turbid solution deposits a 
transparent varnish-like layer which is readily soluble in warm 
70 per cent alcohol, but from which a part separates on cooling 
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to 20°. On adding water to this transparent deposit it becomes 
opaque and fails to dissolve. Possibly this less soluble frac- 
tion is an acid compound which differs from the more soluble 
part in the kind or quantity of combined acid. The solution in 
aleohol of 50 per cent by volume remains clear on adding alcohol 
to 70 per cent at about 20°. The solubility in alcohol of various 
degrees of concentration depends much on the temperature. 
Below 30° the solubility rapidly diminishes. When suspended in 
water containing a very little acetic acid the alcohol-soluble 
milk protein dissolves completely. This solution becomes opales- 
cent when heated to about 45° and at 80° is milk-white, but 
no flocculent coagulum separates on boiling. When an equal 
volume of absolute alcohol is then added a water-clear solution 
results at once. When this clear solution is poured into water 
an abundant separation occurs. If, instead of alcohol, sodium 
chloride is added, no visible separation of particles takes place, 
but, on standing, the solution separates into strata of differing 
opacity and an oily deposit slowly forms which is readily soluble 
in relatively strong alcohol. 

Dissolved in very dilute acetic acid this protein yields a volu- 
minous precipitate on adding potassium ferrocyanide. 

It gives strong tryptophane, Millon’s, and biuret reactions. 

From the behavior of this protein towards water, and its 
reaction with potassium ferrocyanide it is evident. that it is not 
to be considered as belonging to any group of the proteoses. 
Its preeminent solubility in relatively strong alcoholic solutions 
distinguishes it from any type of protein heretofore discovered 
in animal tissues or products. The possible existence of pro- 
teins of similar solubility ought to be considered whenever the 
complete removal of protein is necessary for the isolation of 
non-protein nitrogenous substances of animal origin. 


STUDIES IN THE METABOLIC CHANGES INDUCED 
BY ADMINISTRATION OF GUANIDINE BASES. 


I. INFLUENCE OF INJECTED GUANIDINE HYDROCHLORIDE 
' UPON BLOOD SUGAR CONTENT. 


By C. K. WATANABE. 


(From the Laboratory of Pathological Chemistry, School of Medicine, and the 
Sheffield Laboratory of Physiological Chemistry, Yale 
University, New Haven.) 


(Received for publication, December 13, 1917.) 


It is indicated in the work of many former investigators that 
there exists an intimate relation between idiopathic tetany and 
disturbed parathyroid function. The fact that the symptoms of 
tetany and tetania parathyreopriva are almost identical has had 
experimental confirmation. 


Paton and Findlay (1) confirmed the results of former workers in a 
series of critical investigations, in which they found that true tetany de- 
veloped only after complete parathyroidectomy and that when one ex- 
ternal parathyroid was left with its blood supply intact, no symptoms, or 
at most transient tremors, appear. 

Many hypotheses concerning the cause of tetany have been proposed, 
especially from the standpoint of parathyreopriva. One states that the 
lack of the parathyroid produces a toxic substance in the body, or the 
normal function of this gland is to neutralize the toxins formed during 
normal metabolism. The other concerns the deficiency of some essential 
substance in the blood and tissues, especially calcium, which exerts an 
inhibition on the hyperexcitability of the nerves. It is well known that 
injection of calcium salts removes the symptoms for a time, but that 
bleeding and transfusion of saline solution (2, 3) and.that bleeding followed 
by injection of an indifferent solution free from calcium (Ringer’s solu- 
tion) (4) have the same effect. These facts seem to point out that the Ca 
deficiency is not the true cause. Beebe’s experiments in which he reduced 
‘the symptoms by injection of the extracts of parathyroids (5) and of the 
nucleoprotein of parathyroids (6), lead us to believe that the symptoms 
are due to some poison produced as a consequence of normal metabolism 
incident to the removal of the parathyroid. Recently Paton and Findlay 
(7) suggested that in tetany some toxic substances, especially guanidine 
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and methyl guanidine, exert a hyperexcitability on the nerves. Methyl 
guanidine was first isolated from normal human urine as the aurochloride 
by Kutscher and Lohmann (8) in 1906 and later by Engeland (9). Achelis 
(10) isolated it from normal dog urine as the picrolonate. The quantities 
found by the above three investigators correspond to about 0.007 gm. of 
the gold salt per liter. Koch (11) detected methyl guanidine in the urine 
of a dog which had been subjected to parathyroidectomy. In this case 
as much as 1.9 gm. per liter of the gold salt of the drug were found. In 
his second paper (12) he described more fully the occurrence of methyl 
guanidine and some of the other toxic bases in the urine in five parathy- 
roidectomized dogs and stated that in all cases that he studied he found 
methyl guanidine. In those cases in which the quantity of methyl guani- 
dine was small, other guanidine bases were present so that he considered 
the quantity of guanidine nitrogen to be constant in all cases. Burns 
and Sharpe (13), using more satisfactory methods than former workers, 
carefully determined the guanidine and methyl guanidine in the blood 
and urine of dogs after parathyroidectomy and reported a marked in- 
crease. They found an increased content of guanidine and methyl guan- 
idine in the urine of children suffering from idiopathic tetany. They com- 
pared normal and abnormal dogs and showed an increase in guanidine of 
90 per cent in blood and 40 per cent in the urine after parathyroidectomy. 
In the urine of children in condition of active tetany there was an increase 
of 500 per cent per liter over the normal. Such an increase of a spasmodic 
agent as guanidine suggests the cause of the development of the symptoms 
of tetany. 

Paton and Findlay (7) demonstrated with careful observation on rab- 
bits that the symptoms of tetania parathyreopriva are identical with 
those produced by the administration of the salts of guanidine and methyl 
guanidine. 

In addition to the above workers, Underhill and others published a 
series of papers on carbohydrate metabolism in thyreoparathyroidecto- 
mized dogs. Hirsch (14), Eppinger, Falta, and Rudinger (15), and Pari 
(16) demonstrated that the assimilation limit for dextrose given by mouth 
or subcutaneously is lowered in thyreoparathyroidectomized dogs. Un- 
derhill and Saiki (17) also reported that thyreoparathyroidectomized dogs 
are incapable of utilizing subeutaneously introduced dextrose. They 
show a lessened oxidation or glycolysis and also a decreased ability to 
transform dextrose into glycogen. Underhill and Hilditch (18) observed 
that when the thyroids and all the parathyroids attached are removed 
from dogs, the ability to assimilate sugar is decreased. When the thyroid 
alone is extirpated this ability is not impaired. They consider that the 
thyroid-parathyroid mechanism stands in intimate connection with car- , 
bohydrate metabolism and that the parathyroids are the more active agents 
in this connection. Underhill and Blatherwick (19) found that during 
the tetany after thyreoparathyroidectomy, glycogen entirely disappeared 
from the liver and that the blood sugar content was markedly lowered. 
They attribute this phenomenon to the lack of parathyroid tissue since 
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this action may be observed only after entire parathyroidectomy and not 
when the removal of the thyroid leaves the parathyroids intact. Underhill 
and Blatherwick (20) also demonstrated that this hypoglycemia can be 
restored to normal temporarily and the tetany abolished for a time by the 
injection of calcium lactate. 


From the work of Paton and Findlay (1) it appears that the 
symptoms of idiopathic tetany are identical with those of tetania 
parathyreopriva and that in both conditions there is an increased 
excretion of guanidine base (13) which is a well known convulsant 
toxin. The injection of such drugs induced the almost identical 
symptoms of tetania parathyreopriva (7). Therefore, it is pos- 
sible that the chief cause of tetany is the production of relatively 
enormous quantities of guanidine bases in the body as a result 
of the impairment of the parathyroid function. Furthermore, if 
these guanidine bases are the sole source of the symptoms of 
tetany it seems interesting to inquire whether there is any cor- 
relation between the hypoglycemia produced by the parathyroid- 
ectomy and the guanidine content of the blood. 

The present investigation deals with the influence of the injec- 
tion of guanidine bases upon carbohydrate metabolism, especially 
the sugar content in the blood. 


Methods. 


Rabbits were used in this investigation. Blood was usually drawn 
from the ear vein before and after the subcutaneous injection of a 10 per 
cent solution of guanidine hydrochloride. McDanell’s (21) modification 
of the Lewis-Benedict method was used for the estimation of sugar in the 
blood and Fehling’s test for sugar in the urine. Duplicate determina- 
tions were done on the blood sugar to avoid technical errors. It was neces- 
sary to take some blood samples at night. In this case the specimen was 
immediately evaporated to dryness with the picric acid and determined 
colorimetrically the following morning. , All specimens were evaporated 
to dryness with picric acid immediately on being drawn in order to avoid 
disappearance of sugar. 

For the determination of total solids, the blood was drawn from the ear 
vein into a weighed crucible and dried to constant weight in an electric 
oven. About 2 cc. of blood were used for this determination and the 
sample for the blood sugar determination was taken at the same time. 
Comparison was made between normal rabbits and rabbits which had 
been injected with guanidine. 


To determine the sublethal dose of guanidine hydrochloride 
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we used six rabbits and carefully observed the symptoms after 
the injection of various quantities of guanidine. The following 
table shows that 0.2 gm. per kilo of body weight is suitable for 
this purpose. As a rule all the rabbits which were used in the 
present work had neither food nor water for 24 hours after the 
injection. Immediately after the injection the rabbits usually 


‘TABLE L. 


Symptoms after Injecting Various Doses of Guanidine Hydrochloride. 


~ Guan- 
coe 7 idine Time of 
4 = Date. Weight. hee injestiou: Symptoms and remarks. 
fa kilo. 
1917 gm. qm. 


1 | June 26 | 2,606} 0.10} 2.07 p.m. | No symptoms, recovered. 

Z 201 2004 ORL oO eueei aa 3.30 p.m. Dyspnea, twitching of 
head, jerking of head _ back- 
wards and forwards, tremor in 
extremities, lying down with 
hind legs stretched. Symptoms 
disappeared by 5 p.m. Recoy- 
ered. 

3 CON 284027008 1.0220), 2 eo mece No symptoms except slight dys- 
pnea. Recovered. 

4 “28 | 2,500 | 0.25} 10.50 a.m. | 11.30 a.m. Lying down with hind 
legs stretched, dyspnea, chat- 
tering of teeth, jerking of head. 
Symptoms disappeared by 1 


p-m. Died. 

5 “28 | 2,800 | 0.30) 10.55 “- | Quiet. No other symptoms. 
Died. 

6 “<- 29 | 2,600 | 0.40) 11 = 12.30 p.m. Lying down with hind 
legs stretched, sometimes 


twitching of extremities, es- 
pecially hind legs. Paralysis 
appeared later in legs. Con- 
vulsions. Died. 


run about because of the irritation produced by the injected 
drug. They remain quiet thereafter until the typical tetany 
symptoms appear—usually 1 to 14 hours after the injection. In 
some cases in which small doses were administered the animal 
remained quiet and depressed; in other cases the animal became 
restless and showed slight dyspnea. When large doses were 
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administered the following symptoms appeared almost without 
exception, though usually not all in the same rabbit: dyspnea, 
depression, emaciation, twitching of head and legs, continuous 
jerking of head backwards and forwards, chattering of the teeth, 
fine tremor of the muscles, fibrillous tremor of extremities, opis- 
thotonus, nystagmus following convulsion, extension of the hind 
legs, diarrhea, salivation, and disturbance of equilibrium. 


Hypoglycemia after Injectton of Guanidine Hydrochloride. 


At first we administered 0.15 gm. per kilo of body weight to 
Rabbit 7 and 0.2 gm. per kilo of body weight to Rabbit 8 at 9.10 
a.m. and kept them both under observation until the following 
day. The first few hours samples were taken every hour and later 


TABLE II. 
Hypoglycemia after the Injection of Guanidine Hydrochloride. 


: g : Blood sugar. 

i=) GS 
Z |e 
Sete eae hse |) os te). a Saleece |) eG ubn eh uid sae 
= 3 |3o}] 4 a a S fad fo} fo} a a, at 4, 
me ee wee eee eet | ty he ett 19 am.) 

1917 Mic Ade ee ale Bee ie t bent oe t ae foe es cent Het 

7 | June 30} 2,220/0.15/0.101/0.100)0.122/0.124/0. 1100/0 .098)0 .085|0 .077|0 .073)/0 .099)0 .095 
8 | July 2/2,240)0. 20/0. 121|0.112/0.125.0.127|0.108)0.111/0.100/0.101 0.054/0.081 


at intervals of a few hours. In Rabbit 7 mild hypoglycemia was 
first observed 5 hours after injection and continued. until the 
next morning, whereas No. 8 first showed a marked hypogly- 
cemia at 8.10 p.m. which continued until the next morning when 
the rabbit died in convulsions. 

The following group of rabbits was used to confirm the above 
phenomena, the blood samples being drawn at intervals of a few 
hours in this case. Twelve out of twenty-one showed hypogly- 
cemia, some of them showing a reduction of more than half the 
normal blood sugar. Three cases were suspected but six cases 
show negative results. We later confirmed the fact that in these 
negative cases the dose was not large enough to induce hypogly- 
cemia. The urine of the rabbits of this group was tested but none 
showed any sugar. In most cases hypoglycemia appears 7 hours 
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after the injection and usually continues several hours. Twelve 
of the twenty-one died following the injection; some of them sey- 
eral hours after injection with typical convulsions, most of them 
during the following night, while a few of them died within a few 
days. In all cases the condition of the cage showed that the ani- 
mals died in convulsions. Although the cases in which hypo- 


TABLE III. 


First Injection of Guanidine. 


: g g Blood sugar. 

z ge 

a Date. Weight. ks c A F 4 : F F est 

= cae 12 os a a, Q, Q at 

ee Om 2 = = 2) od 20 Peo 
1917 gm. gm. |per cent|per cent\per cent|per cent|per cent|per cent|per cent 

23-| Aug. 15} 1,960 | 0.30 | 0.115 0.178 

21 i 8} 1,520 | 0.25 | 0.093} 0.098} 0.080) 0.058} 0.056) 0.053 

22 “  -14| 2,080 | 0.25 | 0.107} 0.116) 0.103} 0.106) 0.098} 0.073} 0.070 

24 y 17) 1,88070.25 | 02411 0.189} 0.100} 0.073} 0.024 

31 | Sept. 29] 1,400 | 0.20 | 0.117 0.057) 0.048 

30 eC TL GOOMMO eZ te Oe Lito 0.080} 0.072) 0.068 

29 Oi 201-2540 150220 1 OT 0.084} 0.083} 0.067} 0.100 

27 | Aug. . 24! 2,600 | 0.20 | 0.120 0.053 

26 ee Zot 1,600 )) (02209) 209120 0.099} 0.111) 0.043 

18 4 5) 1,520 | 0.20 | 0.118} 0.143) 0.132} 0.103} 0.057) 0.039) 0.086 

14 | July 22) 1,740| 0.20 | 0.120} 0.123) 0.104} 0.069) 0.074) 0.057) 0.105 

15 ms 23) 1,520 | 0.20 | 0.100) 0.105) 0.094) 0.067; 0.081} 0.073} 0.095 

19 | Aug. 6) 1,920} 0.20 | 0.110) 0.143) 0.147) 0.110) 0.115} 0.094) 0.100 

25 “<-23} 2,000 | 0.20 | 0.200)’ 0.108} 0.118) 0.103 

28 | Sept. 27) 2,300 | 0320 10.125 0.127) 0.167} 0.129) 0.129 

10 ; July 18) 4,700) 0.15 | 0.118) 0.148) 0.134) 0.074) 0.065) 0.056; 0.111 

12 - 19) 1,480 | 0.15 | 0.104} 0.127} 0.112} 0.116} 0.115} 0.080; 0.101 

13 - 21) 1,520 | 0.15 | 0.103} 0.113) 0.115) 0.120) 0.113) 0.092) 0.096 

16 24! 1,300 | 0.10 | 0.111] 0.122) 0.119) 0.114) 0.107) 0.094; 0.120 

17 4 29| 1,900 |.0.05 | 0.122) 0.123) 0.123) 0.129} 0.117) 0.100} 0.116 

20 | Aug. 7/| 1,440] 0.05 | 0.103) 0.105) 0.102} 0.107] 0.099} 0.102) 0.104 


glycemia occurs usually terminate fatally, three rabbits showing 
hypoglycemia recovered. The dose which was injected in this 
group varied from 0.05 gm. to 0.3 gm. per kilo of body weight. 
None of the rabbits that received under 0.1 gm. per kilo of body 
weight showed hypoglycemia and by careful inspection of the 
table it will be observed that the hypoglycemia provoked is almost 
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proportional to the dose of the drug administered. Rabbit 23, 
however, received the largest dose and this died before show- 
ing hypoglycemia. In the successive samples of blood from each 
rabbit we notice that in the first and'second samples after injec- 
tion of the drug the sugar content shows an increase over that in 
the sample taken before injection. 

On the surviving rabbits a second injection of a little larger 
dose than the first was performed after time had been allowed 
for recovery from the first injection. In all cases except Nos. 


TABLE IV. 
Second Injection of Guanrdine. 


: 5} g Blood sugar. 

z oy Ss ae 

2 Date. Weight. = 3 : 3 F F g F aes 

= Sc5 2 3 3S Q Q a at 

aa Cle oo ie = ee re 5 9 a.m 
1917 gm. gm. |per cent)per cent|per cent\per cent|per cent per cent|per cent 

1 | July 8) 1,880} 0.25 | 0.111} 0.142) 0.154) 0.140} 0.120) 0.096) 0.123 

7 “~~ 10} 2,080 | 0.30 | 0.109} 0.196) 0.171) 0.173} 0.150) 0.096) 0.096 

9 a 14) 2,260 | 0.25 | 00152 0.125; 0.091) 0.095} 0.098) 0.1438 

11 16} 1,800 | 0.25 | 0.125) 0.143) 0.104) 0.099) 0.095} 0.095) 0.125 

12 31) 1,280 | 0.25 | 0.111} 0.102) 0.093) 0.104] 0.111} 0.087 

14| Aug. 2) 1,440 | 0.30.| 0.103 0.049 

16 - 3| 1,320 | 0.20 | 0.1386) 0.176) 0.170} 0.171) 0.136} 0.101) 0.116 

17 Se 4| 1,520 | 0.20 | 0.127| 0.137) 0.154) 0.181) 0.124) 0.120) 0.125 

18 “¢  - 12} 1,220 | 0.380 | 0.109 0.074 . 

19 ** 18) 1,400 | 0.25 | 0.107 0.154) 0.125) 0.122) 0.107| 0.111 

20 vue ane 1G) 1,620 |.0:20%|..0 


.108 0.150} 0.127) 0.122) 0.106) 0.088 


14 and 18 there was no hypoglycemia—the exceptions showing 
hypoglycemia just before they died in convulsions. 

In consideration of these facts we may say that all rabbits will 
also show hypoglycemia after injection of the second dose of the 
drug, if the dose is large enough, though in this case they will 
die. It is interesting to note that the second injection of a large 
dose of guanidine provokes, in most cases, a hyperglycemia a 
few hours after administration and it is more marked than that 
appearing after the first injection. In these animals there is no gly- 
cosuria and most of them died the following night in convulsions. 

A third injection was performed on the survivors of the second 
injection after an interval of 1 or 2 weeks. Of these only No. 11 
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shows hypoglycemia and this appears just before the fatal ter- 
minal convulsion. There was marked hyperglycemia for a few 
hours after injection in this group of rabbits and only No. 19 
recovered. There was no sugarin the urine. It is worthy of note 
that Rabbit 19 was injected five times at intervals of 1 or 2 


TABLE V. 
Third Injection of Guanidine. 

é ey g Blood sugar. 
} os 
‘ out | eo = Next 
® Date. Weight. te a p F F J F F ye 
2 Si 2 @ 3 2, Q, a at 
la Claw Ae o> ra “_N i=) oO 9 a.m 

1917 gm. gm. |per cent|per cent|per cent\per cent|per cent a cent|per cent 
3 | July 12) 23500) 0.25 | 0.122). 0.169) 0.145) 0.143) 0.109) 0.119 
11 80} 2,100 | 0.30 | 0.105) ° 0.078 
16 | Aug. 10) 1,120} 0.30 | 0.108) 0.200) 0.204) 0.148; 0.131) 0.122) 0.111 
dy ss 11} 1,780 | 0.380 | 0.115 0.221) 0.182} 0.133) 0.108) 0.141 
19 ‘ 28) 1,880 | 0.25 | 0.121} 0.200} 0.167; 0.137) 0.124; 0.111) 0.104 


TABLE VI. 
Five Experiments with Rabbit 19. ° 


sey ge Blood sugar. 

: - : 

. | Date. |Weight. a3 : F P : F F F es 
oe) ao 2 3 is 2, a, a, = at 
iA =] Ye 

gQ ont aR [=>) = ios) H wD co 9 a.m 

1917 | om: | om. | Zone \-cent 4 cent | cent | cote \ecer ie ane 

1 Aug. 6) 1,920} 0.200.1100.143)0.147/0.111 0.115/0.094)0.100 
2 rf 13! 1,400 Do ae 0.154'0.125 0.122)0.107\0.111 
3 A 28) 1,880 | 0.250.121,0.2000.167|0.137 0.124/0.111/0.104 
4 Sept. 11) 1,850 | 0.25)0.113 0.133 0.084'0.064 0.091/0.088'0. 127 
o % 25; 1,800 | 0.250.119 0 .087|0.067\0.070 0.100 


weeks and that no hypoglycemia occurred the first three times. 
The fourth and fifth injections provoked a marked hypoglycemia. 


Duration of Hypoglycemia Which Is Induced by Guanidine 
Administration. 


Usually the hypoglycemia appears 7 hours after injection of the 
drug and continues several hours through the night which fact 
makes it impossible to take samples until the next morning when 
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the sugar content has reached the normal level. Then we tried 
to inject at 8 p.m. and to take our first sample early in the morn- 
ing. At first three rabbits were employed and after 0.1 to 0.15 
gm. per kilo of body weight was injected, no change of blood sugar 
was observed except in No. 19 which was doubtful. The dose 
was probably not large enough to produce hypoglycemia. We 
took four more rabbits and injected 0.2 to 0.25 gm. per kilo at 
10 p.m. We took our first samples the next morning but none of 
them showed hypoglycemia. Another 0.1 gm. per kilo was then 
injected into two rabbits and from 2 p.m. until the following day, 
over 24 hours, marked hypoglycemia was observed. Since the 
above dose is enough to induce hypoglycemia, the inference is 
drawn that the manipulation in taking the blood or the excita- 
tion of the animals accelerates the production of hypoglycemia. 


The Relation of Total Solids in the Blood to the Blood Sugar Content. 


The question arose whether this diminution in blood sugar was 
due merely to the dilution of the blood or to the effect on the 
sugar-regulating mechanism. To make this point clear the esti- 
mation of total solids of the blood was made. 

The following table shows that when samples were taken from 
normal rabbits during 12 hours the variation in sugar content 
was much, smaller than the variation in total solids. 

After a few days the same rabbits were used for injecting the 


TABLE VIII. 
Normal Variation of Total Solid and Sugar Percentage in Blood. 


9 a.m. 2 p.m. 7 p.m. 
Rabbit No. Date. a EE 
Sugar. Solid. Sugar. Solid. Sugar. Solid. 
1917 _| Percent per cent | per cent per cent per cent per cent 
25 Aug.’ 19} 0.116 16.4 0.111 16.4 0.114; 15.8 
26 + 20 0.115 17.4 0.105 16.0 0.108 15.1 
26 pe 22:|. 02125 15.3 0.126 14.8 0.122 13.8 
27 Hie da 0.114} 18.8 0.108 | 18.3 0-110 RP 21070 
28 Sept. 21 0.1238 16.1 0.1238 15.4 0.125 15.3 
29 es 21 0.104 16.6 0.111 15.8 0.103 14.9 
30 a ae 0.106 16.2 0.111 15.5 0.116 14.8 
dl = 23 0.111 15.2 0.114 14.8. 0.105 14.5 
Average 0.114} 16.5 0 


; ; 114] 15.9 0.1138 | 15.1 


Variation of Total Solid and Sugar Percentage in 


Rabbit No, 
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guanidine. One other rabbit was used also which later was in- 
jected twice more. One sample for comparison was taken before 
injection. In some animals the dose is not large enough to pro- 
duce hypoglycemia. In those animals in which hypoglycemia 
appeared the total solids in the blood remained normal. It is 
worthy of note that the variation in total solids in the same rab- 
bit is practically the same in experiments tabulated in Table 
VIII as in those in Table IX. In Rabbit 19 hypoglycemia 
appeared only after the second and third injection when the total 
solids remained the same as after the first injection. 


TABLE IX. 


dine Injection. 


Blood before and after Guani- 


ass 7a.m 2 p.m 3 p-m 4 p.m. 5 p.m. 8 p.m. 
238 
Date. g E> ; : : 5 ; ; 
Deere em og ae loa his iia lac okeorl as ia 
O.2S6SB mM mM M o COR he) mM mM wa M io) op) 
elie este ice eh cent| cont, cont |oaene. cont | cent \'cont | cen, \'cent 
Aug. 23) 0.20 |0.200)15.1/0.108/16.3 0.118)15.5)0.103)14.4 
“24, 0.20 |0.120)16.9,0.053)18.5 
Sept. 27} 0.20 |0.125]15.2 0.167|14.80.129)14.5 
s 27| 0.20 |0.111/16.5)0.084 0.087|16.0 0 .083)15 .4/0.067/15.0 
“ -- 29) 0.20 |0.115]16.0,0.080)15.8 0.072/14.60.068/13.9 
*.29| 0.20 |0.117115.5|0.057/15.9 0.048)17.5 
Aug. 24) 0.25 |0.121/15.4/0.187|15.3 - 10.124/14.4/0.111/13.7 
Sept. 11} 0.25 |0.113|16.4'0.064/16.2 0.091)15.2/0.088)15.4 
is 25) 0.25 |0.119}16.5 0.069)17 .3,0.070/16.9 


Tetania parathyreopriva and idiopathic tetany are almost 
identical in the character of their symptoms, such as electric ex- 
citability, increased mechanical excitability, depression, emacia- 
tion, spasticity, tremor, convulsion, laryngeal spasm, etc., ac- 
cording to many workers. According to Burns (22) there is a 
striking resemblance between the metabolic evidences of tetania 
parathyreopriva and the injection of guanidine. Burns and 
Sharpe (13) demonstrated the increased guanidine base in the 
urine of children which manifested symptoms of idiopathic tet- 
any and also in the urine and blood of animals which had symp- 
toms of tetania parathyreopriva. , Moreover, the serum of para- 
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thyroidectomized animals acts upon the muscle of frogs in the 
same way as do dilute solutions of guanidine (23). The admin- 
istration of the salts of guanidine to animals induces symptoms 
almost identical with those of tetania parathyreopriva (7). The 
above evidence strengthens the view that a function of the para- 
thyroids is the regulation of the metabolism of guanidine in the 
body and that the guanidine thus produced controls the tone of 
the muscle as mentioned by Paton and Findlay (24). 

The results of the present investigation show that the hypo- 
glycemia which is manifested in tetania parathyreopriva, as 
shown by Underhill and Blatherwick (19), can also be produced 
by the injection of guanidine hydrochloride. The hypoglycemia 
manifested after parathyroidectomy may be a secondary mani- 
festation of guanidine poisoning. 

The hyperglycemia induced several hours after administration 
of the drug, especially after the second and third injection, may 
be considered to be due to the disturbance of respiration since it 
is well known that dyspnea induces an increase in the sugar . 
content of the blood. 

CONCLUSIONS. 


The administration of guanidine hydrochloride into rabbits 
induces symptoms which are almost identical with those of tetania 
parathyreopriva. At the same time hypoglycemia is induced 
which also occurs after the removal of the parathyroid. There- 
fore the hypoglycemia resulting from the lack of parathyroid 
may be due to the action of guanidine which is increased in the 
blood under these conditions. | 

The hypoglycemia induced by injection of guanidine is not due 
to the diminution of total solids or to the dilution of the blood. 


The author acknowledges his indebtedness to Professor F. P. 
Underhill for suggestions and advice in carrying out this work. 
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MATHEMATICAL FORMULAS AND ACID EXCRETION. 


By GEORGE D. BARNETT. 


(From the Medical Division of the Stanford University Medical School, 
San Francisco.) 


(Received for publication, December 5, 1917.) 


The application of mathematical formulas in the attempt to 
elucidate biological processes has lately furnished us with laws, 
quantitative relationships, constants, and indices which might 
seem to leave little to be desired. Some of us, however, have 
been inclined to question the value of certain of these laws, par- 
ticularly as applied to the excretion of a variety of substances 
by. the kidney, not only on account of the positive contrary evi- 
dence brought forward, but also on the ground that we believe it 
improbable that our present knowledge is sufficient to permit us 
to express the complexities of kidney activity with mathematical 
accuracy. 

An analysis of the data presented in the recent paper of Fitz 
and Van Slyke! on acid excretion affords a specific basis for crit- 
icism of one such mathematical relationship. In this paper the 
authors search for a “‘quantitative relationship . . . .  be- 
tween the alkali reserve of the blood plasma, as measured by the 
combining power for COs, and the rate of acid excretion by the 
kidneys,” and arrive at the conclusion that the combined formula 
developed by Ambard for urea and for chloride excretion is 
applicable here in the form 


Plasma CO, = 80 — 2 VC 


where D is the excretion rate for acid plus ammonia, C’ their 
concentration in the urine, and W the weight of the individual. 
They adopt this form as an expression of the true quantitative 
relationship only after trials of various modifications, concluding 


1Fitz, R., and Van Slyke, D. D., J. Biol. Chem., 1917, xxx, 389. 
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that it holds “‘more consistently than any other expression which 
could be found in the literature or devised.”’ In their develop-: 
ment they noté, for instance, that the fourth root of C has been 
retained because the square root gave too much and the sixth root 
too little influence to the factor C. Now since it does not appear 
from any ordinary inspection of the values of C given that it 
can have any appreciable influence, it would seem logical to re- 
vise the formula, replacing C by a constant. Thus it is possible 
to arrive at the formula 


iD 
PI CO, = 80 —5 @/=; 
asma 2 Viv 


whose calculated values for plasma CO, for the 76 observations 
given show an average deviation from the found values of 5.45 
volumes per cent compared with 6.99 volumes per cent by the 
original formula. That is to say, the results average 1.5 volumes 
per cent better if instead of using the fourth root of C we use the 
figure 5. Therefore we must conclude that the “influence” of C 
in this formula is negligible, and that consequently the corollary 
statement made by the authors that “‘ other factors being the same, 
the amount of acid excreted in excess of mineral bases is increased, 
on the average, as the square root of the volume of urine’”’ must 
also be revised; for it is apparent that as far as we may con- 
clude from this equation the acid excretion is quite independent 
of the volume of urine. 
We may further omit W, and devise the form 


Plasma CO, = 80 — 0.7 4/ D 


which will also give results more closely approximating the found 
values of CO, than those derived from the Ambard type of 
formula. 

Or if we wish to make use of the ammonia excretion rate only, 
it will be found that from the equation 


Plasma CO, = 80 — 0.9 \/ NH; 


(where NH; is the amount of 0.1N ammonia excreted per 24 
hours) we can likewise calculate the index of blood bicarbonate 
with considerably greater precision and with much less mathe- 
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matical effort. Andsoon. It would no doubt be possible to 
evolve many other forms equally applicable. The following table 
summarizes the comparative merits of the Ambard type of formula 
and the three modifications suggested. 


No. of errors 
greater than 10 


Formula. . Average deviation. volumes per cent. 
eet vol. per cent 
9 Lek hee 
COz = 80 — va VC 6.99 15 
D 
COs, = 80 — 5 y2 5.45 11 
CO; 8050.2~74D 5.85 , 12 
CO, = 80 — 0.9+/NH; 6.35 Hii 


While it is thus apparent that many formulas can be derived 
which show a certain degree of applicability to the facts of acid 
excretion, it does not at all follow that they are to be regarded 
as true quantitative relationships. Certainly before we accept 
any formula as such we must justify it further than by the mere 
statement that ‘“‘the margin of error to be accepted in this in- 
stance appears to be about 10 volumes per cent of plasma COs.” 
For certainly if the relationship be a true one this margin of error 
must bear some fairly close relation to the deviation produced 
by possible errors in the original observations. Suppose, then, 
in the original formula above, we allow an error of 5 per cent in 
determining urinary acidity, a similar error in determining am- 
monia, 2.5 per cent error each in measuring urinary volume and 
the weight of the individual, and 6 per cent error in determining 
plasma bicarbonate, all of which are much greater than the errors 
of the methods involved. If such maximal errors occurred in 
every urinary, weight, volume, and CO, determination in the en- 
tire series and always occurred in such a manner as to make 
their effects additive, the error deviation of the calculated from 


270 Formulas of Acid Exeretion 


the found CO, would be less than 5 volumes per cent,? or consid- 
erably less than the average deviation found by the best of the 
above laws. 

From this brief analysis we must therefore conclude that the 
Ambard type of formula cannot be regarded as a quantitative 
relationship between the variables of acid excretion, and that no 
mathematical expression so far devised can lay claim to even a 
moderate degree of accuracy as such. Furthermore, it seems 
obvious that such formulas constantly give the impression of 
mathematical accuracy where none exists, and that their use is 
apt to prove misleading to the many who are inclined to accept 
them without question. 


SUMMARY. 


In criticism of the application of the Ambard type of formula 
to acid excretion, it is shown that: 

1. Substitution of constants for certain of the variables leads 
to an improvement in the calculated results. 

2. The average deviation of calculated from found values of 
plasma CO, is much greater than would result from maximal 
additive errors in all the determinations involved. 


Dos 
2Under the influence of the assumed errors the quantity ye VC 


0.975 W No.975 W” 


(38) 2 ve VC, or 1.06 V2 VC. 


From this source the error in volumes per cent of calculated CO, 


1.05 .D 
becomes qe 1.05.) simplifying which we obtain 


; Dice ; 
will thus be 6 per cent of V2 C. Allowing also a 6 per cent error in 


the CO, determination, the greatest possible maximal deviation will be 


0.06 (co, + 2 i °) , and since by the given law CO, + \2 V C= 80, 


this becomes 4.8 volumes per cent. 


STUDIES OF ACIDOSIS. X. 


By DONALD D. VAN SLYKE. 
(From the Hospital of The Rockefeller Institute for Medical Research.) 


(Received for publication, December 31, 1917.) 


The present paper includes a reply to Barnett’s (1) critique 
in the preceding article and a summary showing the nature of 
the results obtained with the methods for estimating alkaline 
reserve from urine and alveolar air analyses. 

Fitz and the writer (2) succeeded recently in demonstrating a 
quantitative relationship between the alkaline reserve and the 
excretion of acids in excess of fixed base, as measured by am- 
monia plus titratable acid in the urine. The empirical formula 
utilized to demonstrate the relationship was, plasma CO, = 80 — 


y2 1/ C, D representing the cc. of 0.1 N titratable acid and 


ammonia excreted per 24 hour time unit, and C (concentration) 
the amount excreted per liter. 

Barnett states the belief that this formula does not express the 
relationship between plasma bicarbonate and acid excretion with 
sufficient accuracy to justify its use. The reason for this opinion 
is that the results show that the average error in calculating the 
plasma bicarbonate from the excretion exceeds that which would 
result from maximal analytical errors in all of the determina- 
tions involved. This seems to us insufficient ground for the 
criticism. The essential question, for our purpose, is not whether 
the plasma bicarbonate can be estimated from urine excretion 
with no error except that of the chemical determinations, but 
whether the total sum of the errors of analysis, individual varia- 
tion in kidney function, and fault in the empirical formula is 
within such limits that the excretion may be of any assistance in 
estimating the alkaline reserve when conditions prevent the direct 
determination of the latter in the blood. 

We have given in Papers IV (2) and VI (8) data which show 
the limits of accuracy encountered in estimating plasma bicar- 
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bonate from acid excretion in practically every form of diabetic 
acidosis. It does not appear to us that a valid reason has been 
advanced for modifying the conclusion based on those data; 
viz., that the ammonia plus acid excretion is quantitatively re- 
lated to the bicarbonate deficit in the blood, and that the rela- 
tionship is sufficiently uniform to be useful in estimating this 
deficit when the limitations of accuracy, as shown by our data, 
are taken into consideration. 

Barnett’s claim that all the variables of the formula except the 
two most important ones, the blood bicarbonate and ammonia 
excretion, may be replaced by a constant without significantly 
diminishing the average accuracy of the formula, would likewise 
appear to us, even if entirely justified, to detract nothing from 
the correctness of the above conclusion. 

Any simplification in the calculation not resulting in loss of 
accuracy would be an improvement, however, and therefore it is 
desirable to examine somewhat closely the formula minus one, 
two, and three of its variables in order to decide how many of 
them may be deleted without lessening the reliability of results. 

Concerning the dropping of C, thereby simplifying the formula 


aS N 
Plasma CO: = 80 — NEO VC to, Plasma CO, = 80—5 Vir 


we agree with Barnett that it: makes the equation not only 
simpler, but also measurably more accurate and is therefore in 
every way desirable.'. In preliminary experiments in which we 
tested several formulas before one was chosen to apply system- 
atically, the value of C appeared to have an appreciable effect, 
although much less than that of D;2.e., other conditions being the 
same, a greater volume of urine appeared to carry out somewhat 


1 From the negligible average influence of C it appears that, at least as 
long as either normal or exceptionally high volumes of urine are excreted 
(which was the case with all our patients), variations in the volume are of 
no effect on the acid excretion. We are not, however, prepared to follow 
this conclusion as to the non-effect of C to its logical limit and state that 
in a patient with severe diabetic acidosis flushing with water is of no 
value. A liter of urine is not an abnormally small amount in a normal 
adult, but it could carry out only about 15 gm. of 6-hydroxybutyric acid, 
if, as indicated by the data of Magnus-Levy and others, this acid is never 
excreted in concentration greater than 1.5 per cent. To remove the 
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more acid than a smaller volume. We accordingly indicated this 
effect by introducing C into the formula, and indicated its com- 
paratively minor importance by using its fourth root. The for- 
mula thus involved enabled us to solve our main problem; viz., the 
question as to whether any quantitative relationship could be 
demonstrated between fall in alkaline reserve and rise in ammonia 
and acid excretion. The formulas which had been discarded in 
the preliminary tests we did not afterwards apply to the main 
body of our data. It is fortunate that Barnett has now re- 
tested the formula without C on our published data, and shown 
that this variable may be neglected. With the formula thus 
simplified it becomes possible, as indicated in the accompanying 
table, to interpret the 24 hour excretion of acid plus ammonia 
directly into terms of acidosis with the use of no more elaborate 
terms than = or ec. of 0.1 N acid plus ammonia per kilo. 
Barnett also calculates from the results of Paper IV that but 
little is gained in average accuracy by including variations 
in the body weight in the estimation. The data of Paper IV, 
however, taken without those of Paper VI, are not suited 
to decide statistically the question of the influence of body 
size. Of the 65 determinations on diabetics reported in 
Paper IV, 29 are on a single patient of 50 kilos weight, 
and of the others, only one determination was made on a sub- 
ject of less than 37 or more than 50 kilos weight who had a 
marked acidosis without bicarbonate dosage. In this one, a 


boy of 12in actual coma, both the original \ =a 4/ Cand the 5 \ > 


formula indicate a plasma CO, of 30 per cent, whichis a severe 
acidosis, though not so severe as that shown both by clinical con- 


much larger amounts sometimes formed, excretion of several liters of urine 
per 24 hours appears necessary. The formation of large amounts of ace- 
tone bodies, or of the sugar which accompanies them, apparently acts as a 
diuretic, and secures the necessary excretion. For example, Magnus- 
Levy reports that when a patient on 2 successive days excreted 109.5 and 
157 gm. of organic acid calculated as hydroxybutyric, the corresponding 
urine volumes were 8.0 and 9.2 liters (Magnus-Levy (4), p. 182). Similar 
high excretions are seen in the data of Papers IV and VI when acid excre- 
tion, as indicated by the ammonia plus titratable acid, was high. 
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dition and plasma CO, of 14 per cent. If the body weight were 
neglected in the calculation, however, and Barnett’s 0.7 »/D 
formula used, the excretion would indicate a plasma CQO, of 
46, or almost no acidosis. Similar magnification of error is 
introduced in attempting to interpret the excretion data re- 
gardless of body weight in the two patients of less than adult 
size with acidosis reported in Paper VI. These are No. 3, a 
boy of 12 with intense acidosis, and No. 5, a boy of 138 with se- 
vere acidosis. That an allowance for body size must be made 
in interpreting the rate of formation or excretion of any meta- 
bolic product is a generalization so well founded that previous 
discussion of it seemed unnecessary. 

Elimination of a third variable, the titratable acid, from the cal- 

culation, would apparently be a further step backwards. It is 
true, as exemplified by our own data, that ammonia and titratable 
acid in diabetic urine as a rule rise and fall together, the am- 
monia being usually two to three times the titratable acid. The 
aes Milla eS is by no means constant, however, varying from 
0.1 N acid ; 
0.3 to 5.0 in diabetic and normal urines, so that the titratable 
acid sometimes exceeds the ammonia. Since both. ammonia 
and titratable acid indicate excretion of acid in excess of fixed 
base, it is does not seem logical to determine the one and neglect 
the other. The result of neglecting the titratable acid is appar- 
ent, except in the case of the one diabetic who was chosen for 
continuous observation, in a decided increase in the average 
error. 


ratio 


Average Errors. Data of Paper IV. 


Table I. Table II. Table III. 


Formula. ee 11 normal 36 different | 29 observations 
persons. diabetics. on 1 diabetic. 
|D 
OOo = 80-5 eas daw a a eee 2.9 5.4 DAT 
2 Vir 
CO, = 80 — 0.9 [NH jerk 46, 74 5.7 


A practical additional reason for determining titratable acid as 
well as ammonia is that it protects against a false diagnosis of 
acidosis which might be made from the ammonia alone in urines 
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that have undergone bacterial decomposition, either in the blad- 
der as the result of cystitis, or outside the bladder as the result 
of preservation with insufficient antisepsis. As long as the 
ammonia formation leaves the urine still acid, it does not much 
alter the NH;-+ acid figure, since CO,, of the ammonium car- 
bonate formed by bacterial action on urea, escapes, while the 
ammonia remains and neutralizes approximately an equivalent 
of acid. The net effect of an increase of ammonia is therefore an 
approximately equal decrease of titratable acid, with no signifi- 
cant influence on the resultant sum of the two. 

0.1 N NH; fae. 
OPM NGaCIg. tes 

be used as a fairly sensitive indicator of ammoniacal decomposi- 
tion. In the urines of Paper IV, which were all analyzed while 
perfectly fresh, the ratio varies from 0.3 to 4.8 averaging 1.6 in 
normal men and 2.8 in diabetics. In only one case was a value 
of 4.1 exceeded. It appears therefore that when the ammonia 
exceeds four or five times the titratable acid there is ground for 
suspecting the origin of a measurable portion of the ammonia in 
bacterial action. Although the 24 hour urines reported in Paper 
VI are believed to have been collected with at least ordinary 
care and were preserved with toluene, it will be seen from the re- 
sults that in these urines the ammonia:acid ratio averages higher 
(about 4.1) than in the quickly collected and analyzed specimens 
of Paper IV, and frequently exceeds the maximum of the short- 
time urines, at times rising as high as 8 or 9. In no case had 
decomposition gone so far as to neutralize all or nearly all of the 
titratable acid, so that the results, based on the sum of ammonia 
and titratable acid, could not have been significantly affected. 
The frequency of high ammonia:acid ratios in the 24 hour urines 
nevertheless indicates the readiness with which decomposition 
may occur in 24 hour specimens even when collected with routine 
precaution. 

For the above reasons we believe that when diabetic acidosis 
must be estimated from acid excretion, the most satisfactory 
formula at present available for expressing the results in terms of 
alkaline reserve is 


Our data indicate furthermore that the ratio 


0.1 N (acid + NH3) per 24 hours 
Pi CO, = 80 — 5 @— 
aes : \ kilos body weight 
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and that neither the titratable acid nor body weight may be 
neglected without increasing the chance of error in the estimation. 

As, thanks to Barnett, the acid excretion formula is.simplified 
to the above by elimination of one unnecessary variable, and as 
Palmer and Van Slyke.in Paper IX (5) have published data which 
add the bicarbonate retention to the indirect acidosis tests that 
have been composed with the direct, it appears desirable to re- 
vise accordingly the summarizing table on page 412 of Paper 
VI. In the following table we have therefore substituted the 
simpler expression for acid excretion and have added the data 
for the bicarbonate retention test. We have also indicated the 
chief fallacies to which, according to the results published in the 
present series of papers, each indirect test is liable when applied 
to the detection of diabetic acidosis. 

It should be noted that the data obtained from kidney and lung 
excretion as measures of alkaline reserve in diabetic acidosis do 
not necessarily hold for other types of acidosis. In nephritis, for 
example, the two tests based on kidney excretion become falla- 
cious, while Peters (6) has recently shown that in cardiac dyspnea 
and in conditions involving great diminution of lung capacity 
the mechanics of respiration are so disturbed that the alveolar 
carbon dioxide ceases to be an approximate measure of blood 
bicarbonate. The indirect tests may be trusted as approximate 
indicators of alkaline reserve only in conditions where they have 
been previously tested by comparison with the blood bicarbonate. 
We have made this comparison in diabetes, but the results do not 
hold for other pathological conditions. 


SUMMARY. 


Acid excretion as a measure of diabetic acidosis is, according to 
present data, most significantly expressed in terms of ammonia 
plus titratable acid per unit of body weight. The average 
error involved in estimating alkaline reserve from acid excretion 
is, as shown by Barnett, appreciably reduced by simplifying 


our original empirical formula, plasma CO. = 80 — ‘7 1/C, to 


plasma CO, = 80 — 5 V7 The absolute difference in the re- 
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sults calculated by the two equations is, however, so small that 
the remarks on the range of error in such calculations made in 
Papers IV and VI hold with essentially equal force when the 
simplified formula is used. Further simplification, by neglecting 
the body weight or titratable acid as suggested by Barnett, de- 
creases the accuracy of the estimation. 

For practical purposes the acid excretion may, without going 
through the calculation of the formula, be interpreted directly 
into terms of clinical severity of acidosis, as indicated in the table; 
€.g., an excretion exceeding 27 cc. of 0.1 N ammonia plus acid 
per kilo indicates acidosis, which usually becomes critical if the 
excretion approaches 100 cc. per kilo. 

The relationships of the plasma bicarbonate to acid excretion, 
alkali retention, and alveolar carbon dioxide tension are sum- 
marized for reference in a table, wherein are also indicated the 
chief errors to which, according to the data of Papers IV, VI, 
and IX of this series, the three latter determinations are sub- 
ject as measures of diabetic acidosis. 
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THE EFFECTS OF ELECTROLYTES ON GELATIN AND 
THEIR BIOLOGICAL SIGNIFICANCE. 


I. THE EFFECTS OF ACIDS AND SALTS ON THE PRECIPITA- 
TION OF GELATIN BY ALCOHOL. 


byw. O. FENN, 
(From the Laboratory of Plant Physiology, Harvard University, Cambridge.) 


(Received for publication, December 21, 1917.) 


The biologist can hardly hope to find a complete explanation 
of the complicated effects of electrolytes upon protoplasm until 
the chemist can give him an explanation of their almost equally 
complicated effects upon the purified constituents of protoplasm. 
In order to obtain more complete information concerning the 
effects of electrolytes upon proteins, the precipitation of gelatin 
by alcohol has been studied. This property of gelatin is more 
simple to measure and more sensitive to small variations in the 
salt content of the solution than its viscosity, swelling, or tem- 
perature of gelation. This method has yielded, therefore, more 
complete data than have hitherto been obtained. Pending a 
more detailed inquiry into the reactions involved, it is deemed 
advisable to publish the facts obtained, omitting the theoretical 
interpretation. 


Description of the Method. 


The method which was worked out for the investigation has 
already been briefly described! together with some of the re- 
sults which are of particular interest to the biologists. It con- 
sists essentially in adding 95 per cent alcohol to 5 cc. of the 
gelatin-electrolyte mixture until an opaque precipitate is pro- 
duced. The sharpness of the end-point varies characteristically 
with the particular electrolyte and the particular concentration 
used but can ordinarily be determined to within 0.1 cc., which is 


1 Fenn, W. O., Proc. Nat. Acad. Sc., 1916, li, 534, 539. 
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accurate enough for the purpose. Two determinations were 
made for each point and the average was taken as the true value. 
The test-tubes containing the samples to be titrated with alco- 
hol were kept at constant temperature for some hours before us- 
ing in order to reach equilibrium. The time allowed for this and 
the temperature chosen varied considerably in the different ex- 
periments but, in plotting, only curves which are comparable 
in all essential respects are placed together, unless mention is 
made to the contrary. In mixing, the gelatin was dissolved in 
water at 90°C. and 5 ce. of the resulting solution were mixed 
with 5 cc. of the solution of the electrolyte to be investigated. 
The two halves, of 5 ec. each, of these mixtures were used for the 
two determinations of each point. Three grades of commercial 
gelatin were used throughout. Gelatin A, which was used in all — 
except the earlier experiments, set at a lower concentration and 
gave a clearer solution than gelatin B or C. The concentration 
of the gelatin was so chosen (2 or 3 per cent) that it would not 
set at the temperature of the experiment. Throughout this 
paper, the number of cc. of 95 per cent alcohol necessary to pro- 
duce an opaque precipitate in 5 cc: of the gelatin-electrolyte 
mixture will be spoken of as the “alcohol number’ for the sake 
of brevity. In interpreting the results, it should be remembered 
that in titrating, both the gelatin and the electrolyte are being 
diluted, and the solution is being cooled by the addition of the 
alcohol. The alcohol number is ordinarily increased by a rise 
in temperature and by dilution of the gelatin. The cooling effect 
of the alcohol could be avoided by allowing the gelatin to reach 
equilibrium at room temperature, but sharper end-points are 
obtained by using stronger gelatin. This necessitates a higher 
temperature to prevent setting. If, in titrating, the alcohol 
is run in too rapidly, the value obtained for the alcohol number 
will be too high as the precipitate takes a certain short time to 
form. This error is important only in the case of NaOH and 
HCl and similar electrolytes. The gelatin is stirred after each 
addition of alcohol. The end-point is defined as the point where 
a pencil held behind the test-tube can no longer be seen. 

The alcohol number is ordinarily increased by a rise in tem- 
perature but in the presence of NagSO, in concentrations greater 
than 0.2 m and NaCl o or stronger, the reverse is true. 
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The results obtained by this method may be presented under 
the following four headings: (1) The effect of single electrolytes. 
(a) Acids and alkalies; (6) salts. (II) The effect of combina- 
tions of salts with acids and alkalies. (III) The effect of combi- 
nations of salts. (IV) The precipitation of gelatin by mixtures 
of electrolytes without alcohol. Each of these will be presented 
in a separate paper. 


% ALC.TO PPT, 


NaOH 


70 


VISCOSITY 


from 


Schroeder 


50 


30 
J 2 3M 
Fia. 1. Curves showing the effect of NaOH and HCl on the precipita- 
tion of gelatin by alcohol. The ordinates represent the concentrations of 
alcohol in the solution at the point of precipitation, and the abscissze 
the concentrations of HCl and NaOH at that point. The dotted lines 
indicate that no precipitate could be obtained no matter how much alco- 
hol was added. The insert shows von Schroeder’s curves for the viscosity 
of gelatin sols, showing that the alcohol maximum corresponds to a vis- 
cosity maximum. 


a. Acids and Alkalies. 


The presence of actds and alkalies in gelaten hinders the precipt- 
tation by alcohol. With strong acids and alkalies, like NaOH 
and HCl, this effect passes through a maximum. 

The effects of NaOH and HCI are shown in Fig. 1, where the 
concentration of alcohol at the point of precipitation is plotted 
(ordinates) against the concentration of NaOH or HCl at the end- 
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point (abscisse). The maximum in the curves corresponds to 
a point of maximum swelling and maximum viscosity. Von 


TABLE I. 
Effect of HCl and NaOH on the Precipitation of Gelatin by Alcohol. 


HCl NaOH 


Concen- | Alcohol | Concentra-| Alcohol | Concentra- ‘Alcohel Concentra-| Alcohol 


tration of to tion of |(byvolume)| tion of tion of (by vol- 
lat | precipi- HCl at at NaOH at bash NaOH at | ume) at 
start. tate. end-point. | end-point. “start. precipitate. end-point. jend-point. 
M CC. M per cent y om ce. M per cent 
12.2 55 WteG 85 | 4.9 No ppt. 

6.1 30 0.85 79 3.26 eS 
3.05 19 0.61 (e PAN Ws 33 0.38 81 
1.52 18 0.32 71 1.45 29 0.26 79 
0.76 19 0.15 (w. 0.96 28 0.17 78 
0.38 25 0.063 1G 0.64 26 0.12 fe 4 
0.19 50 0.018 85 0.32 23 0.064 75 
0.095 |No ppt. 0.16 24 0.032 76 
05048 fi) ae 0.08 30 0.014 79 
O1024 SS eats 0.04 No ppt 
0.012 23 0.0021 16 0.02 SAS 
0.006 9 0.002 57 0.01 16 0.0027 69 
0.003 6 0.0013 47 0.005 8 0.0021 54 
0.0015 4 0.00075 37 0.0025 6 0.0012 47.5 
0.0 3 32 0.00125 5 0.0007 43 

0.000625 4.5 0.00035 41 

| 0.0 3.2 | 0.0 33 


5 ce. of the HCl and NaOH solutions, in the concentrations noted in 
the first columns, were placed in each tube. 1 cc. of 7 per cent gelatin B 
was then added to each. HCl and NaOH are so effective in preventing 
precipitation that the titration with alcohol must be carried on slowly 
in order to allow the precipitate time to form. In order to save time, all 
the tubes were titrated simultaneously. The same number of cc. of alco- 
hol was added to each in turn until precipitation occurred. The experi- 
ments were performed at room temperature. The decrease of precipi- 
tability in high concentrations is due to decomposition of the gelatin. . 
For purposes of plotting, the concentrations of HCl, NaOH, and alcohol 


at the point of precipitation are calculated. These data are plotted in 
Fig. 1. 


Schroeder’s curves for the viscosity of gelatin sols are plotted on 
the insert for comparison.? Their essential similarity to the 
alcohol curves is undoubted. 


2 von Schroeder, P., Z. physikal. Chem., 1903, xlv, 75. 
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Similar curves have been worked out for various other acids. 
Lactic, trichloroacetic, acetic, and formic acids give curves which 
rise more gradually than the HCl curve. It is impossible to fol- 
low them through the maximum as no precipitate can be ob- 
tained. Phosphoric acid gives a sharp fall after the maximum 
which can be followed, but no precipitate can be obtained at the 
maximum. ‘Tartaric acid and sulfuric acid rise slowly to a com- 
paratively low maximum and do not drop thereafter. In gen- 
eral, the weak acids have less effect and show either no maximum 
or less maximum than the HCl curve. The small effect of 
H.SO., compared to HCl and HNOs, is probably due to the effect 
of the bivalent SO, anion. 

The fact that acids and alkalies prevent the precipitation of 
proteins by alcohol was shown by Pauli and Handovsky? and by 
Schorr,* although in neither case was the complete course of the 
curve worked out. Pauli and collaborators,® Lacqueur and Sackur,® 
and Zoja’ have shown that acids and alkalies increase the viscosity 
of protein sols, and von Schroeder? has shown the same for gelatin 
sols. Theswelling of gelatin has been measured by Ostwald,® Proc- 
ter,® Fischer,!® and Ehrenberg.!! The characteristic maxima in 
both acids and alkalies, as found by these workers, correspond to 
the maxima of the alcohol curves as found by the writer. Ost- 
wald, however, finds in addition an initial minimum (in swelling) 
which is more pronounced in acids but discernible in alkalies also. 
In spite of the overwhelming evidence to the contrary of Pauli 
and his pupils, he attempts to homologize this minimum with 


3 Pauli, W., and Handovsky, H., Biochem. Z., 1909, xviii, 340. 

4 Schorr, C., Biochem. Z., 1911, xxxvii, 424. 

5 Pauli, W., Chem. wu. aan Relleries 1908, iii, 2; 1910, vii, 241: 1918, 
4 Fee ar ad bee Barada Soc., 1913, ix, 54. Pauli, W., and Wagner, R., Bio- 
chem. Z., 1910, xxvii, 296. Pauli, W., and Falek, O., ibid., 1912, arn. 269. 

6 Lacqueur, E., and Sackur, O., Beitr. chem. Physiol. u. Path., 1903, 
‘ii, 193. 

7Zoja, L., Z. Chem. u. Ind. Kolloide, 1908, i111, 249. 

8 Ostwald, W., Arch. ges. Phystol., 1905, cviii, 563; cix, 277; 1906, cxi, 
581; Tr. Faraday Soc., 1913, ix, 34. 

® Procter, H. R., Kolloidchem. Bethefte, 1910-11, ii, 243. Procter, H. R., 
and Wilson, J. A., J. Am. Leather Chem. Assn., 1916, xi, 261. Procter, J. 
Chem. Soc., 1914, ev, 313. Procter and Wilson, ibid., 1916, cix, 307. 

10 inesher, M. H., G@idema and Nephritis, New York: 2nd edition, 1915. 

11 Khrenberg, R.., Fava Z., 1913; liu, 356. 
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von Schroeder’s maximum viscosity. It is difficult to understand 
this unless Ostwald has confused the “hydration viscosity” as 
measured by von Schroeder in dilute solutions with the “gela- 
tion viscosity’”’ of solutions which are strong enough to set. The 
gelation viscosity is of course at a maximum in an approxi- 
mately neutral solution. It is evident that Ostwald’s minimum 
must be some secondary phenomenon inherent in the swelling 
method. 

The equilibrium between proteins and acids has been studied 
in more detail by other methods. Bugarsky and Liebermann” 
and Manabe and Matula® have made simultaneous electrometric 
determinations of the H and Cl ions combined with the protein 
in HCl. The amount of HCl combined with the protein has been 
determined by Van Slyke by conductivity measurements, and 
the amount of the H ion combined has been determined by 
Pauli and Hirschfeld® and by Procter® by potentiometer measure- 
ments of the H ion concentration. The latter has made perhaps 
the most notable contribution to the subject by giving a quanti- 
tative explanation of the maximum swelling of gelatin in acids. 


b. Salts. 


The following conclusions can be drawn concerning the effects 
of salts on the alcohol number of gelatin. (1) All salts increase 
the alcohol number of gelatin except certain ones which combine 
a bivalent or trivalent cation with a bivalent or trivalent anion. 
(2) Trivalent anions and cations are more effective than biva- 
lent, and bivalent are more effective than monovalent in hinder- 
ing precipitation. (8) The lyotropic effect is of minor impor- 
tance except in high concentrations of sulfates, citrates, and 
tartrates. 

The results of the experiments with salts alone are plotted in 
Figs. 2 to 5 and the data are given in the corresponding tables. 
In all cases the ordinates represent the number of ce. of alcohol 
required to produce a precipitate in 5 cc. of the gelatin-salt mix- 


2 Bugarsky, 8., and Liebermann, L., Arch. ges. Physiol., 1898, xxii, 51. 

13 Manabe, K., and Matula, J., Biochem. Z., 19138, lii, 369. 

14 Van Slyke, L. L., and Van Slyke, D. D., Am. Chem. J., 1907, xxxviii, 
383. 

15 Pauli, W., and Hirschfeld, M., Biochem. Z., 1914, Ixii, 245. 
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ture, and the abscisse the concentration of salt in the gelatin 
before titration with alcohol. 
In general, all the curves show that with increasing concentra- 


TABLE III. 
Effect of Various Salts on the Precipitation of Gelatin by Alcohol. 


MeCh. CaCle ' MnCl Mg(NOs)2 SrCh 


Concen- | Alcohol Concen-|Alcohol | Concen- | Alcohol | Concen- | Alcohol | Concen- | Alcohol 
tration of} to pre- | tration | to pre- |tration of} to pre- |tration of} to pre- |tration of] to pre- 
MgCl. |cipitate.jofCaCh.|cipitate.| MnCle. | cipitate. | MgNOs. | cipitate.| SrCle. | cipitate. 


M ce. M CC. M cc. M cc. M cc. 
0.5 11.1 | 2t8b5e di 285020 11725.0"150 13.05 | 1.63 | 10.9 
0.25 10.95) 1.42 | 11.65) 0.25 | 10.75 | 0.5 1159 0.82 | 11.25 
0.125" | 10.35) 0.71 | 11.5 |.0.125 } 10:2 | 0.25 |.10.65 |) SO Seis 


0.0625] 9.9 | 0.35 | 11.4 | 0.0625) 9.75 | 0.125 | 9.65] 0.2 | 11.2 
9.2} 0.18 | 11.1 | 0°0312) 9.0 | 0.0625) 8.4 0.1 | 10.4 
0.0156} 7.8 | 0.09 | 10.1 | 0.0156) 7.5 | 0.0312) 7.385 } 0:05 1) 9r25 
4.2 | 0.0 


NHaCl NHsSCN MgSO. ZnSOa* 
Concen- Aleohol Concen- | Alcohol Concen- Alcohol Concen- Alcohol 
tration of to pre- | tration of | to pre- tration of | to pre- tration of to pre- 
NHC. cipitate. | NH4SCN.| cipitate. MgSOu. cipitate. ZNSOs;. cipitate. 
M Ce. M RB M ce. M (pe 
2.87 1230952520 13.35 0.5 4.4 0.125 2.0 
1.43 11.5 1.0 135 0.25 4.75 0.0625 3.0 
0.72 10.15 | 0.5 9.75 0.125 9.05 0.0312 3.05 
0.3 85150] O8Z5 8.4 0.0625 | 5.25 0.0156 3.1 
0.18 pels: OFl25 TALS 0.0312 5.05 0.0078 3.4 
0.09 6.65 | 0.0625 | 6.35 0.0156 | 5.15 0.0039 3.85 
0.0 4.4 0.0078 | 4.9 0.00195 | 4.0 
0.0 4.5 0.0 4.0 


*2 per cent gelatin A, over night at 30°C. Not strictly comparable 
to the other experiments in this table. 


For all except ZnSO, (as noted) gelatin B was used (3 per cent) and 
the tubes stood over night at 26°C. before titrating. For further details 
see Table II. 


tions of the salts, more and more alcohol is needed to precipitate 
until a maximum is reached. Fig. 2 shows that as the valence 
of the cation increases, the salt concentration at which the maxi- 
mum is reached decreases. Valence, however, is not the only 
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factor, CuCl, being more effective than CaCh, and MgCl, less 
effective. The difference between CaCl and MgCl, is largely 
due to the fact that acid increases the effect of CaCl, more than 
that of MgCl, and the gelatin used is slighty acid. Similar 
experiments performed with less acid gelatin show less difference 
(compare CaCl. curves in Figs. 2 and 5). 


TABLE IV. 
Effect of Sodium Salts and Aluminum Sulfate on the Precipitation of Gelatin 
by Alcohol. 
Aleohol Alcohol q 
sch re s piairiisiaes Ala(504)s. 
Concen-. Concen- 
ees S 4 Uh are of - 
of salt. as 32 Sait. ot Sodiun oncen- Alcohol 
2 é 3 acs Na2SOs churanee STONE to precipitate. 
M cc. CC. cc. M ce. CC. M cc. 
2.0 TOS TOSS 1373 4-055 | 4.4 | 0732 Ppt. without 
1.0 10.1 | 9.95}10.7 | 0.25 4.55 |. 6.4 alcohol. 
0.5 9.0 | 9.0 | 9.05) 0.125 cal 8:6" (20°23 4.85 
0:25 Ba0, S20 1s729s)|.0.0625 468.25 | 9.45 1.0.16 yes 
Usi2oue 0.50) 7.00) 6.97190. 0312 | 8.15 } 10.05 | 0.08 5.2 
U20625, | G.15),6.05|.6.2>) 0-0156 | 7.65 |} 10.75 | 0.04 4.95 
0.0 4.4 0.0078 | 5.8 8.95 | 0.02 4,89 
: 0.0039 | 5.1 anon OO 4.75 
3 per cent gelatin B/ 09 .00195| 4.3 | 4.45 | 0.005 5.4 
for 15 hrs. at 26°C. | 9.00097 4.3 | 0.0025 5.2 
0.0 3.9 3.9 | 0.0012 4.8 
4.6 


0.0 | 


ja per cent, gelatm BB |——___ 
15 hrs: at 26°C. 3 per cent gelatin B for 
5 hrs. at 26°C. 


NazSO, and to some extent sodium citrate salt out the gelatin before 
the true end-point is reached. The white stringy precipitate due to salt- 
ing out becomes so opaque that in these curves it is taken as the end-point. 
In (NH,).SO, in Table V it is possible to titrate through to the usual white 
homogeneous precipitate. For other details see Table II. 


It is also evident from the curves in Fig. 2 that MnSQO, and 
CuSO,, which combine bivalent cations with a bivalent anion, 
do not increase the alcohol number at all, but decrease it. This 
cannot be due entirely to the fact, which Nernst!® has men- 


16 Nernst, W., Theoretical Chemistry from the Standpoint of Avoga- 
dro’s Rule and Thermodynamies, London, 3rd edition, 1911, 510. 
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tioned, that such salts are comparatively little dissociated. If 
_the degree of dissociation were the sole explanation, one would 
expect CuSO, to have less effect than CuCk, but not the oppo- 
site effect. In some cases such salts do cause a slight increase 
in the alcohol number in low concentrations, as for example in 
the curve for MgSO, in Fig. 3 and for Al, (SO,)3 in Fig. 4. FeSO, 


CC. ALC. TO ppT, 


arere = AlCl 
¢ 
‘ 
| 
' 
' 
20 ees CuCl. 
uf 
CaClz 
MgCl? 
10-4 NaCl 
MnSO: 
eo 
CuSO: 
0 ie 4 .6 8 1.0 


Fia. 2. The ordinates represent the number of cc. of alcohol required 
to produce an opaque precipitate in 5 cc. of the salt-gelatin mixture; 7.e., 
the alcohol numbers. The abscissze represent the'concentrations of the 
various salts in the gelatin before titration with alcohol. The effect of 
the salts increases with the valence of the cation. The dotted lines indi- 
cate that no precipitate could be obtained in those concentrations of: 
AICl; and CuCl... Qualitative tests indicate that the AlCl; curve subse- 
quently comes down a little, like the CuCl, curve. 


also shows a slight increase in the alcohol number in low con- 
centrations. 

As proof of the fact that the alcohol number gives a true 
indication of the effect of salts upon the physical properties of 
gelatin (in spite of the ‘possibility of repression of ionization of 
the salts by the alcohol or other interaction) may be mentioned 
the fact that gelatin sets more readily in solutions of such salts 
as MnSO,, etc., than in water or solutions of salts with one or 
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two monovalent ions. This indicates that one ion of MnSQ, 
inhibits the dispersing effect of the other on gelatin. 

An examination of the curves for Na,SOQ., (NH,)sSO., ammo- 
nium tartrate, and sodium citrate in Figs. 4 and 5 shows that the 
valence of the anion is also important but that in high concen- 
trations the “salting out’’ effect of these salts is predominant. 
The sharp drop of these curves to the point where they precipi- 
tate the gelatin without alcohol is due to their strong dehy- 
drating powers. In the case of these salts there are two dis- 


cc. ALC. TO PPT. 


CaCle 


10 (NH4)2So, KSCN 


ae) 2 ¥ 6 


Fig. 5. Alcohol numbers are plotted against concentrations of the salts 
added to the gelatin as in Fig. 2. This figure shows how distinctly salts 
with one bivalent ion are distinguished from the monovalent salts in 
their dispersing action. 


tinct end-points to be found in precipitating with alcoho! in the 
higher concentrations. There appears first a stringy precipitate 
which is followed later by a white homogeneous one. In the 
case of Na,SO, the stringy precipitate was so opaque that it had 
to be taken as the end-point, while in the case of (NH3).SO, it 
was possible to titrate through to the second precipitate, which 
had the more usual appearance. This accounts for the fact that 
the Na.SO, curve drops after the maximum while the (NH,).SO, 
curve does not. The first white stringy precipitate is probably 
due to the ‘‘salting out’ or dehydrating effect of the SO, ion. 
The second white homogeneous precipitate is regarded as the true 
end-point. 
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In Fig. 5 the distinctness with which the salts with bivalent 
ions are separated from the monovalent salts is noteworthy. 

The effects of salts upon the alcoho! number of gelatin are 
roughly parallel to their effects on the other properties of gela- 
tin. The temperature of gelation in salt solutions has been 
measured by Levites!? and by Pauli and Rona,!8 the swelling of 
gelatin in salts by Ostwald,’ Ehrenberg,! Pascheles,!? and Lenk,?° 
and its viscosity: in salt solutions by von Schroeder.? None of © 
these methods of investigation is as simple or as accurate as the 
alcohol method and the results are correspondingly less complete. 

Pauli?! has investigated the effects of salts upon the tempera- 
ture of coagulation of egg white and finds them similar to the 
effects on the coagulation by alcohol. He finds that the bivalent 
metals are more effective than the monovalent metals in pre- 
venting coagulation. The action of salts in dispersing gelatin 
so that more alcohol is needed for precipitation is also similar 
to their effects in dispersing globulin. Thus Mellanby”? has_ 
found that the dispersing efficiency of trivalent, bivalent, and 
monovalent ions were to each other as the squares of their va- 
lenees, and the efficiency of salts were equal to the sum of the 
efficiencies of their separate ions. Thus the dispersing efficiencies 
of NaCl, CaChk, Na.SO,, and MgSO, are 2, 6, 6, and 8 respec- 
tively. This conclusion is borne out by the alcohol experiments 
except for the fact that salts like MgSO, have very much less 
effect on gelatin than NaCl, instead of four times as much. 

The effects of salts upon the physical properties of proteins 
are now known to be accompanied by a combination of the salt 
with the protein, although Bugarsky and Liebermann” were un- 
able to find any evidence of it in the case of NaCl and egg white 
by their measurements of the freezing point or the electro- 
metric determination of the Clion. Hardy* has shown by con- 
ductivity measurements that NaCl combines with globulin to the 


17 Levites, S. J., Z. Chem. u. Ind. Kolloide, 1907-08, ii, 237. 

18 Pauli, W., and Rona, P., Beitr. chem. Physiol. u. Path., 1902, ii, 1 
19 Pascheles, W., Arch. ges. Phystol., 1898, lxxi, 333. 

20 Lenk, E., Biochem. Z., 1916, xxiii, 15. 

21 Pauh, Arch. ges. Physiol., 1899, Ixxviii, 315. 

2 Mellanby, J., J. Physiol., 1905-06, xxxili, 338. 

23 Hardy, W. B., J. Phystol., 1905-06. xxxiii, 251. 
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extent of 2 per cent, and the writer has found that the same is 
true for a 1.87 per cent gelatin solution as the following figures 
indicate: 


Concentration of NaCl. Conductivity depressed. 
0.665 M. 1.51 per cent. 
Oreo: PALES OS 
O7145%: f° 66.50 G8 
0.0725 ;~ 12G5ltiy babs 


Similar measurements with CaCl, and NaSO, both on gelatin 
and on Witte’s peptone have shown that these salts combine 
more than NaCl. 

Pauli*4 has recently made a detailed study of the equilibrium 
between AgNO; and gelatin, ox serum proteins, and caseinogen 
by means of potentiometer and conductivity measurements. He 
finds that with increasing concentrations of AgNO; more and 
more combines with the protein until a maximum is reached. 
He believes that both ions combine equally. There is evidence 
that this is not true for the salts of the a’kaline earths. Pauli 
himself states”> that addition of Ba salts to proteins increases the 
H ion concentration of the solution as determined by indica- 
tors. If this were true it would indicate that the protein combines 
to a greater extent with Ba than with its anion. Fraenckel?® 
has also observed this fact for Ca salts by measurements with a 
concentration cell. Hardy,” furthermore, states that when CaCk 
precipitates globulin, free acid is formed in the solution as deter- 
mined by methyl orange. Billitzer?” has found cathodic convec- 
tion of proteins with the salts of alkaline earths, indicating the 
presence of a positive charge due to a greater combination of the 
protein with the cation than with the anion. As further evi- 
dence that salts with bivalent cations can deliver a positive 
charge to colloidal substances may be mentioned the work of 
Perrin?’ on endosmosis of various solutions through diaphragms 
of a great variety of substances and the similar work of Briggs,?° 


24 Pauli, Biochem. Z., 1917, Ixxx, 187. 

25 Pauli, Beitr. chem. Physiol. u. Path., 1904, v, 27. 

26 Fraenckel, P., Z. exp. Path. u. Therap., 1905, i, 439. 
*7 Billitzer, J., Z. physikal. Chem., 1905, li, 129. 

28 Perrin, J., J. chim. phys., 1904, ii, 601. 

* Briggs, T.R., J. Phys; Chem.:1917; xxi,s198: 
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des Bancels,®® von Elissafoff,*! and others; and the work of Bose® 
and Guillaume® on the potential developed when a gelatin- 
coated wire is suddenly twisted in the solution of an electrolyte. 
Contrary evidence is found, however, in the fact that neither 
Chick** nor Hardy” were able to find any convection of globulins 
(or of gelatin) in solutions of the alkaline earths. Whatever dif- 
ference there is, therefore, in the extent to which the cations and 
anions of the alkaline earths combine with proteins must be too 
small to detect except by the most delicate measurements of the 
change in the H ion concentration. The difference would of 
course be still less in the case of the salts of the alkali metals, 


SUMMARY. 


1. Acids and alkalies hinder the precipitation of gelatin by 
alcohol. In the case of strong acids and alkalies this effect passes 
through a sharp maximum and then decreases. 

2. Increasing concentrations of salts tend to hinder the precipi- 
tation of gelatin by alcohol until.a maximum is reached, trivalent 
ions being more effective than bivalent, and bivalent more effective 
than monovalent in this respect. 

3. Certain salts (like MnSO,) which combine a bivalent cat- 
ion with a bivalent anion are exceptions to this rule in that they 
either assist or only very slightly hinder the precipitation of gela- 
tin by alcohol, the effect of one ion being apparently neutralized 
by that of the other. 

4, Salts like AlCl; and CuCl which are very effective in hin- 
dering precipitation by alcohol resemble the strong acids in that 
their effect passes through a maximum and then decreases. 

5. The effect of the sulfates, citrates, and tartrates of the 
alkali metals also decreases in high concentrations due to their 
strong ‘‘salting out’? or dehydrating powers. 


30 des Bancels, J. L., Compt. rend. Acad., 1909, cxlix, 316. 

31 von EHlissafoff, G., Z. physikal. Chem., 1912, lxxix, 385. 

2 Bose, J. C., J. phys. théorique et apliquée, 1902, series 4, i, 481. 
33 Guillaume, E., Compt. rend. Acad., 1908, exlvii, 53. 

34 Chick, H., Biochem. J., 1913, vii, 318. 


FEEDING EXPERIMENTS WITH PEANUTS. 
By AMY L. DANIELS anp ROSEMARY LOUGHLIN. 


(From the Department of Home Economics, University of Wisconsin, 
Madison.) 


(Received for publication, December 7, 1917.) 


Although, popularly, the peanut (Arachis hypogea) is classed 
as a nut, it more properly belongs to the grain or forage crop. 
the “nut” or fruit being the seed of a legume comparable to the 
bean or pea seed. Its use as human food has been largely lim- 
ited to peanut butter and confectionery, and little attempt has 
been made to include it as a regular article of diet. Considerable 
emphasis, however, has been placed upon its value as food for 
stock.! It forms one of the best forage crops for pigs in the south, 
while in Europe peanut meal is a much used feed. The good re- 
sults obtained with it here have suggested that man might profit- 
ably add it to his list of staple foods. 

In the investigation rats were fed rations consisting of lard, 
cornstarch, sifitable inorganic material, and either ground roasted 
‘peanuts or peanut meal. In some cases 2 per cent of butter fat 
was substituted for an equivalent amount of lard; while in other 
cases 5 per cent was substituted. One group was given peanut 
meal to which lard, cornstarch, and butter fat were added, the 
mineral content being supplied wholly by the peanut meal. 

The value of the proteins of the peanut is shown by the per- 
formance of animals (Chart I) fed a ration which furnished 18 
per cent of protein obtained from peanuts.?, The rats which 
were given an insufficient amount of the fat-soluble food acces- 
sory failed to grow normally. The addition of 5 per cent of but- 
ter fat stimulated growth, and reproduction followed. When 
very young rats were given this 5 per cent butter fat ration 


1Henry, W. A., and Morrison, F. B., Feeds and Feeding, Madison, 
16th edition, 1916, 178. 
2 The Spanish peanuts used contained 24 per cent protein (N X 6.25). 
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(Chart ITI, Rats 4, 6, 7,14, 17, and 18) growth was not satisfactory, 
death resulting in some cases, apparently due to the fact that the 
ration contained too much fat, for in order to obtain an 18 per 
cent protein mixture from peanuts, together with 5 per cent 
of butter fat, it was necessary to feed a ration containing 38.6 per 
cent of fat. Young animals on a diet which includes such a 
high percentage of fat do not seem to thrive. When these young 
animals were given a ration containing less fat, obtained by 
decreasing the amount of butter fat from 5 to 2 per cent, better 
growth resulted. Their curves of growth, however, were some- 
what below normal. An adult animal which was given the 2 per 
cent butter fat ration reproduced and two litters were success- 
fully suckled (Chart I, Rat 12). The litters were small (five and 
six each) and the young remained undersized as long as they were 
given the 2 per cent butter fat ration. The addition of 5 per cent 
of butter fat stimulated growth. 

In view of the fact that peanuts contain such a high percentage 
of fat, it was deemed advisable to continue the investigation with 
peanut meal which contained less fat. Rations consisting of 
67.5 gm. of peanut meal,*? supplying 18 per cent protein, 10 gm. 
of lard, 5 gm. of butter fat, 11.4 gm. of cornstarch, and 5.09 gm. 
of suitable inorganic material proved satisfactory in every way. 
The curves of growth (Chart IT) in all cases were similar to those 
generally considered to be normal. Reproduction oecurred at 
frequent intervals and three generations were obtained. Good 
growth was secured also with a ration supplying 15 per cent pro- 
tein from the peanut meal (Chart II). The proteins of peanuts 
are comparable to those of the soy bean, since it has been shown 
that both legumes supply the essential amino-acids in sufficient 
amounts for normal growth and reproduction, when rations made 
on the basis of 15 and 18 per cent protein are fed. 

That peanuts are lacking in the fat-soluble food accessory has 
been shown by the behavior of animals which were given rations 
containing no butter fat, 2 per cent, and 5 per cent of butter fat, 
respectively. The animals which, immediately following the 
suckling period, were placed on rations, otherwise adequate but 


‘The peanut meal was furnished by the Capital Grain and Feed Co.., 
Montgomery, Ala., and contained 27.02 per cent protein (N X 6.25). 
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containing no butter fat, grew at about half the normal rate and 
finally died unless butter fat was given (Chart III). The prompt 
recovery of the surviving animal (Rat 8) when 5 per cent of butter 
fat was added indicates that the lack of the fat-soluble food ac- 
cessory was the inhibiting factor in this diet. The animals 
receiving the 2 per cent butter fat ration made somewhat better 
growth than those receiving none. Their curves of growth, how- 
ever, are below those of normal animals (Chart II). Three females 
of the group reproduced (Chart I, Rats 6, 12, and 13). Their young 
were alsoundersized. Irritable dispositions and marked roughness 
of coats characterized all the animals of this group.. Such con- 
ditions indicate malnutrition. The change from the 2 per cent 
butter fat ration to a 5 per cent ration stimulated growth, and 
reproduction quickly followed in the animals which had not pre- 
viously reproduced (Chart III, Rats 7 and 14). 

Since all the animals receiving the 5 per cent butter fat ration: 
were normal in every respect, proof is furnished for the presence 
of a considerable amount of the water-soluble food accessory in 
the diets. When the peanuts formed 56 per cent of the ration, 
there was sufficient water-soluble B for the experimental animals. 

A comparison of the inorganic content of the peanut and the 
soy bean shows the peanut to be even poorer than the soy bean 
in certain respects; namely, calcium, potassium, magnesium, and 
sulfur.4 Therefore since the mineral content of the soy bean 
had been found lacking,> various amounts of suitable minerals 
were added to make the mineral content of the peanut rations 
similar to that of milk, which previous investigations have dem- 
onstrated to be adequate for normal growth of rats. On the 
other hand, peanut meal,’ which includes a considerable propor- 
tion of hulls, apparently contains sufficient amounts of these 
necessary inorganic constituents for physiologic well being. Rats 
fed a mixture of peanut meal furnishing 18 per cent of protein, 
5 per cent of butter fat, lard, and cornstarch, to which no min- 
erals were added, grew normally, reproduced, and successfully 
reared their young (Chart II, Rats 27, 28, and 29). 


4 Forbes, E. B., Beegle, F. M., and Mensching, J. E., Ohio Agric. Exp. 
Station, Bull. 255, 1913. 

6 Daniels, A. L., and Nichols, N. B., J. Biol. Chem., 1917, xxxil, 91. 

6 Alabama Agric. and Ind. Dept., Bull. 76, 1916. 
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When we consider the broad areas which may be adopted as 
fitting hapitats of the peanut, and the fact that our food supply 
tends toward a wider use of the seeds of plants, we do not hesi- 
tate to venture the suggestion that the peanut, when rightly 
supplemented, will form a staple article of the human dietary. 
Like the soy bean, it needs only to have added suitable inorganic | 
material and the fat-soluble food accessory to make it a com- 
plete food. 


Ration I. Ration I. 
Peanuts). ea eee eet one Peanuts /i3..409 4 7850 
Butterc. 1... eae 220 Butter... 24 ee 5.0 
Starch io soe hee week es 16.9 Starch:..3.'/).5.00 ee 13.9 
KB EO ie eee ee 15 Inorganic material same as 
BCG) Berra 8 [hah Bi iite a 5 ne ite Ration I. 

CapsO dH sOn a eee oe ae 
Ration III. Ration IV. Ration V. 
Peanut meal... 67.5 Peanut meal.. 56.0 Peanut meal.. 67.5 
Butter? s.chaee werosOre Duster 5.0.°° Butter. (ee eee 
Lardy. see OeU. fe esrosee 10:0 ~ Lard: .. ).3eeeeee 
Starch see tere Tie Sparen ae 22.7 ° Starches CS 
Inorganic material KH;PO, ers 
same as Ration I. KO), 626 ee Lio 
CaSO, HO e338 
Ration VI. 
Peantsacicke ya ae 75.0 
Latd Wo. k50 428 Se eee 2.0 
Starches ..js acct dee eee ee 16.9 


Inorganic material same as Ration I. 


299 


A. L. Daniels and R. Loughlin 


ame) | 
peer | Tee 
eal BN BE 


‘YyMOIS JO OAINO [BUILOU 
94} SOJVOIPUL OUT] UIYOIg 9YT, “YIMOIS pojeynuTys (xX Aq po}votpur) ECT puB ‘FT ‘8 ‘2 SzyBY Jo YoIp 
oy} 0} ([T UOMVY) Ye 1099nq Jo jusd Jed G Jo UOTJIPpe oy], ‘porvar AT[NJSSsovons diam “T[BWIS YSnoyy]B 
‘sunod oY} puv JoIp sTy} UO psonporder eT pue ‘Z~ ‘9 s}ey ‘“[BULIOU MOOG SoS¥d [[B UI SBM YIMOI) 
‘([ uorey) yey J0}yynq Jo yuood sod Z puv ‘oinyxIU oUvSIOUL e[qeyIns vB ‘synuved poysvor puUNols 
woody poureygo ‘uleyo1d Jo yusd Jed QT Surlutejuod suOryVI poj STVUITUB JO YMOIS JO SOAIND ‘“[ LUVHD 


Heaven 
Saree 


Peanut as Food 


300 


‘JeIP oY} UL popnpoUl Sureq [VI19}vUI OTUBSIOUI Arequows[ddns 
ou ‘(A UOTIBYy) [Bou qnuvoed WO1f poutezqo UOT}VI JnuBed jus. 19d QT UB UAATS O1OM GZ PUB ‘Eg “2% S}CY 
‘sulojO1d 9seyy jo foueroyyo oy 
oyVIJSUOWIOp JeyyIN} (AJ UOTVY) UOTZVI uUTeJoOId yued Jed cy oy} UO (TT pUe ‘OT ‘6 SIBY) STeUIUG oY], “YorIp 
SITY} UO poUTV{qgO o19M SUOT}VIOUNS 9oIYT, “ynuved oY} Jo sutejoi1d oy} Jo AdUOTIOYJa oY} sSozeIysuOMIEp ([]I] 
UOTPVY) ONYX OlUVSIOUL oTqeyINS Bw puB 4Vj 19}3nNq jo 4yuVd Jed G YIM JOY}oS0} [vou Jnuved UO, pouTeyqo 
utoyord jo jued sod gy] SuIUTeyUOD SsUOT}VI poy (9Z 04 OZ S}BY) STeuIUB Jo sdUBUNIOJIOd OYJ, “[] LUVHO 


301 


A. L. Daniels and R. Loughlin 


"YJMOIS poyV[NUITYS IOYZANJ 1048] poppe (X) ye} 19}4nq yUdD Jed G ‘YAMOIS 10}}0q UT poj[Nser yUe}UO0D 
yey sso porpddns yorya (xX) UOor}yes eI 10}j3nq Jue. ted Z B Cy OBaVYD OYJ, “MOIS OF poTIVJ (TT WOTZEY) Fez 10349nq 4uoo sed 
G YIM 1043050} synuved oY} WIJ pouTeyzqo 4oIp uTe}o1d Juss Jed gy uv UO (g] puL ‘ZT FT ‘2 ‘9 “FP “SON) S}eI SunOd AIOA 

‘YJMOIS po}V[NUT}s CT 
pue ‘FT ‘2 syey Jo oIp oy} OF 4BF 1034nq 4uUe0 Jed G JO UOT}Ippe oy, “(GT pue ‘FT ‘2 ‘9 ‘FH S}BY) YQMOIS 109,0q yeYMouIOS 
poonpoid (J worjey) yey 1034nq queso Jed Z “YoIp STy} UT YUNOUIe Ue [[RUIS 004 UI YUOSeId sem AIOSSO00R 9[qnTOS-7e] 
oY} JVY} SOJVOTPUI (X) POppB SBA 4eF 10}jNq UsYM g yey jo AroAODeI Ydwoid oY], ‘“pelp puv syyUOW F 94} Sulinp o4v1 
[vUIOU oY} J[PY yNoGe yw Mois (TA UOTZVY) oINZXIU FBS o[qGuyINS vw pu UTejJ0I1d yUeD Jed QT jo BusTsuOD UOTYeI B poj 
(¢ puv Z S}VY) STeurUY oseyy, “ALOSS900B POO} 9[qQn[OS-yBj oY} JO YUNOWe oyenbepvur uv A[ddns synuveg “JT LUVHO 


*e 


me 
5 
‘ 
* 
| 
* 
‘ 
+ 
+ 
4 
el 
“ 
. 
j 
+ j 
# 
-¥ 
* 
, 
‘ 
Aye 
¥ ~ \. 


’ 
‘ 
8 
- ~ 
‘aii 0% 
¥ / 
_ 
i vs 
r — 
4 
: 
ae 
I | 
: 
2 
t 
| 
‘A 
: + 
446; 
~ 8 
ai 
= 
e 
: 
& 
‘ 
. 1 
? 
: j 
se 
: / 
sot 
y 
t 
¥ 
vy 
a 
ee 
’ r 
¢ 
at ee 
7 * 
é 
f 
" 
5 ae a 


Dy 


- 
i 
) 
4 
an 1 
a 
; 


A BIOLOGICAL ANALYSIS OF PELLAGRA-PRODUCING 
DIETS. 


IV. THE CAUSES OF FAILURE OF MIXTURES OF SEEDS TO 
PROMOTE GROWTH IN YOUNG ANIMALS. 


By E. V. McCOLLUM anp N. SIMMONDS. 


(From the Laboratory of Biochemistry of the School of Hygiene and Public 
Health of the Johns Hopkins University, Baltimore.) 


(Received for publication, December 26, 1917.) 


Our investigations on the composition of the diet in its relation 
to growth have made it clear that a food mixture may conform 
to the most approved standards with respect to its energy and 
protein content and in affording a considerable variety in flavors, 
and may be so prepared as to be highly attractive in appearance, 
and still be of such nature as to fail to nourish properly an ani- 
mal during growth. Such conditions are easily fulfilled if the 
diet is restricted to dishes prepared wholly from the seeds of 
plants or their milling products together with starch, sugars, 
. commercial syrups, vegetable fats, lard, flavoring extracts, and 
spices. 

Our extensive studies of seeds in which a single variety was 
fed with the addition of single or multiple purified food ingre- 
dients, have indicated that the seeds all show a close similarity in 
their dietary properties. Chemical analysis has revealed pro- 
nounced differences in the yields of the various amino-acids ob- 
tainable from isolated vegetable proteins. Tests by biological 
methods have established the fact that corresponding to these 
differences in the constitution of the proteins are equally great 
variations in nutritive values. In the preceding paper of this 
series (1) we have shown that the value of the protein mix- 
ture present in each of the more important seeds is without 
exception much lower than are those of milk. Judging from our 
studies on the physiological minimum of protein for maintenance 
in the rat, if milk proteins are assigned the value of 100, oat and 
millet seed proteins would be assigned a numerical value of 
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about 75, wheat, maize, and rice proteins 50, flaxseed proteins 40, 
and the proteins of the pea and navy bean about 25. Since the 
vegetable proteins from various sources exhibit such great varia- 
tions in their content of the several amino-acids which can be 
ap proximately quantitatively estimated, it is reasonable to expect 
that mixtures of seeds from various sources should in many 
cases show greatly enhanced values with respect to the biological 
value of the protein mixture over that of the seeds fed singly as 
the sole source of protein. 

Mixtures of certain seeds should, therefore, on theoretical 
erounds, be adequate as a source of protein, and the dietary in- 
adequacy of such mixtures should be limited, in the light of our 
past experience, to a relative shortage of the fat-soluble A and 
as to the character and amount of the inorganic content. The 
following table,- which was compiled from data by Forbes (2), 
shows for the seeds, which are of greatest importance as foods in 
the United States, the great similarity in their content of all in- 
organic elements except magnesium and calcium. The table 
also contains data relating to the inorganic content of corn meal 
and bolted flour. 7 


Mineral Constituents of Seeds. Parts per 100 of Dry Substance. 


Ash. K Na Ca Meg P S) Cl 


Wihéatieileint. Soe 2.08 |0.504'0.026/0.041)0.141/0.408/0.009|0.058 
Rice; hubleilis iirc. oo gare: 0.39 |0.070)0.016/0 .009|0 .026|0 .091/0.001)/0 .0004 
Oats, rolled 20) cee 1.83 |0.036)0.058)/0 .097/0 .086/0 .385/0.005/0 .098 
COT: 3. te ee 1.55 |0.320)0.052/0.011/0.125/0.336/0.160/0.045 
Soy beanssciac.aace AER L’ 4° 3.14 |1.162/0.023/0.119|0.169/0.503)/0.034 
White beans. 2s. 3) 2 3.22 |1.177/0.036)0 .154/0.148/0 .500/0 .052 
Cottonseed meal........... 7.48 |1.847 0.236/0.686)1.500)0 .037 
Lanseed: méalvcc tes; cakes 5.84 |1.179|0.063/0.351/0.558/0.806/0.076 
Bean rick nk other ae aie 0.940)0.072/0 .139]0.150|0.370/0 .264)/0 .034 
Barley i cote eee 1.99 |0.270)0.061/0.011)0.150)0 .285/0 .024 
PStene fOUP? tie esa eee 0.51 |0.145/0.003/0.025,0.025/0.111 
Gormemeaglin ye IS 0.68 |0.163)0.018)/0.031/0.061/0.134 
Milk (cow) Nb 4 et ow i9 5.67 |1.160|0.344/0.909|0.088 0.650/0.057\0.791 
SS Uhh in aie selec eos mee oak 2.42 |0.679|0.165 pe280 0:02) 0.240|0.018'0.445 
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With the exception of the calcium and magnesium contents the . 
seeds generally resemble each other in most respects in the char- 
acter of their inorganic content. We have described experiments 
which show that each of the more important seeds fails to supply 
an inorganic mixture of a suitable character to support growth 
(3). The similarity in the inorganic content of the seeds would 
suggest that mixtures of seeds should be little better with re- 
spect to this dietary factor than are the seeds when fed singly. 
The experiments reported in this paper demonstrate that this is 
the case. 

In the present series of papers in which we are analyzing by 
biological methods mixtures of foods which are representative 
of the diets employed in those regions where pellagra is preva- 
lent, we are proceeding from the simple to the complex mixtures 
determining in each case the exact nature of the dietary de- 
ficiency. 

The seeds of plants necessarily form a very large part of the 
diet of man, because when ripe they are sufficiently dry to make 
them not difficult to keep in a wholesome condition during a long 
period. Those which are widely employed as food have either 
when raw or develop during cooking flavors which fender them 
acceptable to the palate. This is in marked contrast to the 
leaves of plants which with few exceptions contain tannin or 
other bitter substances which render them unappetizing to man. 
It was never suspected that the seeds as a class had any common 
dietary deficiencies until these were made evident by our system- 
atic feeding of each seed with single and multiple additions of 
the purified food: substances, protein, inorganic salts, and the 
fat-soluble A, in all possible combinations. The biological values 
of the several food factors contained in the most important 
seeds, as revealed by this method, have been discussed at length 
in preceding publications (3). 

The fact that the seeds are not complete from the dietetic stand- 
point has doubtless escaped observation because of the almost 
universal use of fairly liberal amounts of the flesh of animals and 
the products of the dairy in this country and in Europe. Mod- 
erate amounts of milk supplement the deficiencies of the seeds 
most satisfactorily and its use forms the greatest factor of safety 
in our diet. 
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As yet very little is known regarding the supplementary rela- 
tionships of the proteins of one seed for those of another. One 
of us (4) has recorded observations on swine which were fed 
mixtures of two of the cereal grains, nitrogen balances being 
kept on the animals during a period of growth. These records 
did not show any marked increase in the value of these protein 
mixtures for growth as compared with the proteins of the indi- 
vidual grains fed singly. Since at that time the necessity of 
adding certain salts and a growth-promoting fat was not appre- 
ciated, the data obtained cannot be now regarded as satisfactory, 
and the subject needs further study. 

We have in former papers emphasized the principle that it is 
possible to assign to a food factor a biological value only when 
the values of all the*other factors in the diet are known and 
remain constant. Thus an animal may be able to groW at the 
normal rate on a diet, the proteins of which are of such a quality 
as to scarcely make possible the retention of the necessary amount 
of nitrogen to support normal growth, if the inorganic content 
and the two unidentified factors are very satisfactory. On the 
same food mixture so modified as to make the mineral content 
less satisfactory, the same protein supply will fail to nourish the 
animal properly. Distinct benefit can be shown with such ra- 
tions to follow the improvement of the protein moiety of the diet, 
when the salt content remains less satisfactory than the optimum. 
In other words, if one takes an ideal diet as 100 per cent, one 
factor in that diet can be lowered on the scale to 60 per cent and 
the animal may make a nearly normal performance, but if two 
factors are lowered to the value of 70 per cent each, the animal 
might make a three-fourths normal growth, but if one factor 
were lowered to 50 and another to 60, signs of malnutrition soon 
become apparent. As was pointed out in a previous paper (1), 
one cannot say what is an adequate supply of a dietary factor 
unless the biological value of each of the-others is known. 

In the past because of the absence of adequate knowledge con- 
cerning the number of factors which are essential in the diet and 
great paucity of data regarding the differences in the quality of the 
proteins from different sources, students of dietetics have placed 
great reliance on the energy content of the food mixture as shown 
by calorimetric studies and the protein content as shown by 
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applying the conventional factor to the nitrogen content, as the 
criteria by which the ration should be judged. Discussions of 
the economics of diet have therefore not infrequently, even in 
very recent times, presented as the main thesis the relative cost 
of 100 calories of energy and the cost of 100 gm. of protein. As 
a phase of the discussion of the diet in its relation to pellagra, we 
wish to illustrate clearly how far these data may fail to indicate 
the value of a food mixture, especially during growth. 

Aron (5),in his studies of the dietaries of the Filipinos, states 
that the diet of many of the poor laborers consists essentially of 
about 700 gm. of rice and 250 gm. of fish, the energy value of the 
fish being equivalent to about 60 gm. of rice. Dairy products 
are not eaten by these people, and Aron states that the energy 
value of the fruits and fresh vegetables eaten by his subjects was 
so small that it might be neglected in his records. Beri-beri is 
very prevalent where such a monotonous and inadequate diet of 
rice and fish is eaten. 

Chittenden and Underhill (6) have recently described a con- 
dition in dogs, which corresponds closely to the syndrome of 
pellagra in man. They produced this condition by feeding the 
animals a monotonous diet which consisted of crackers, peas, 
and cottonseed oil—a diet derived wholly from the seeds of plants. 
Goldberger (7) has described experiments in which he has pro- 
duced in man what he and other clinicians familiar with the dis- . 
ease believed to be incipient pellagra, by restricting the diet 
during 53 months to dishes prepared from corn meal, corn grits, 
wheat flour, rice, sugar, starch, syrup, pork fat, sweet potatoes, 
cabbage, collards, turnip greens, and coffee. We have pointed 
out (8) that the energy content of the diet was derived to the ex- 
tent of about 95 per cent from seeds and pork fat. It is with the 
purpose of emphasizing the impossibility of making an adequate 
diet from seeds or seed products that we present the data in the 
accompanying charts. The experimental diets described, illus- 
trate in addition, however, the exact nature of the deficiencies of 
such seed mixtures. They make clear the necessity both in 
human nutrition and animal production of supplementing the 
seeds with either milk or the leafy vegetables in liberal amounts 
if growth in the young is to be satisfactory, and if the vitality as 
reflected in longevity and the capacity to produce and rear large 
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numbers of young is to be fostered. Animals, which have been 
restricted to inadequate and monotonous diets, have in our ex- 
perience been subject to infections of the lungs and to a condition 
suggestive of bronchitis, one or both of which constitute the 
terminal event in the lives of the animals. Xerophthalmia is 
seen in those animals whose diet lacks an adequate amount of 
the fat-soluble A and beri-beri when there is a shortage of water- 
soluble B. Poor condition of the hair, with varying degrees of 
baldness in some cases, an incrustation of the ears, irritation of 
the skin, excessive development of warts, especially on the nose 
and tail, extreme timidity in certain animals brought to a state 
of malnutrition which in many instances was manifest only in 
failure to grow, in others by loss of hair and unthrifty appearance, 
as well as timidity, are common observations in our rat colony, 
where many types of faulty diets have been employed. Height- 
ened resistance to disease is one of the outstanding features in 
those groups of our animals whose diets are of such a character 
as to induce rapid and sustained growth in the young. 

Those who select their food solely with a view to economy as 
respects cost, find in the literature concerning foods the informa- 
tion that the cheapest sources of both energy and protein are the 
cereal grains, and the legume seeds, peas and beans. Economic 
conditions are now such that rigid economy is necessary in the 
purchase of food, especially among city dwellers with small in- 
comes. Unless the public is speedily educated regarding the 
necessity of employing regularly in the. diet either an appropriate 
amount of milk or of the leafy vegetables, it seems certain that 
the time is not far distant when dietary errors now becoming 
common will become a still more important menace to the public 
health. . 

.. The necessity of increasing the content of sodium, chlorine, 
and calcium in a diet principally derived from seeds before 
growth can proceed, affords a striking example of the depend- 
-ence of the growing animal on an appropriately constituted in- 
organic mixture as a foundation upon which to superimpose a 
suitable organic ration. The necessity of an adequate supply of 
those elements which constitute the ash left. on incineration. of 
the animal body has been appreciated since the early experi- 
ments of Lunin (9) and of Forster (10) with ash-free diets.. It 
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seems evident, however, that the efficiency of the mucosa of the 
alimentary tract, the kidneys, and skin in maintaining an ap- 
propriate relationship among the inorganic elements in the blood 
and tissues by selective absorption and selective excretion has 
been greatly overestimated. These are important factors of 
safety, but are not sensitive enough to protect the physiological 
well-being of the animal under conditions which it may meet in 
taking a diet exclusively of seeds. 

Previous to our solution of the problem of the successful feed- 
ing of diets consisting of purified protein, carbohydrates, fats, 
inorganic salts, and appropriate additions to furnish the two 
unidentified dietary factors, the problem of determining what 
constitutes the optimum inorganic content in the diet of a mam- 
mal was not possible of solution, since only with natural foods 
eould diets be prepared which were capable of supporting growth. 
The natural foods show considerable variation in their content 
of mineral elements, and complicated greatly the analytical con- 
trol of the composition of the food. The greatest obstacle to 
the study of the problem lay, however, in the fact that every 
natural food product contains qualitatively all the mineral ele- 
ments necessary for the adequate nutrition of an animal. ‘It is 
impossible to remove these, without at the same time extracting 
certain organic constituents which might possibly change the 
‘dietary value of the substance being studied. . 

Since we have now perfected the technique of preparing from 
salt-free materials the organic portion of the ration so as to be 
highly satisfactory when suitable salt mixtures, prepared from 
pure reagents, are added, we have thus made possible the investi- 
‘gation of the problems relating to the needs of the mammal for 
inorganic elements during growth and reproduction. These ste 
lems are now occupying our attention. 

In a previous paper we have described experiments etich 
showed that the leaf of the plant is very different from the seed 
from the dietary standpoint. In contrast with the cereal grains 
the leafy portion of the plant is very rich in the fat-soluble A 
as well as in the water-soluble B, and is likewise much richer in 
sodium, chlorine, and calcium than are seeds. These differ- 
ences in dietary properties go with differences in function. The 
seed is composed of relatively few functioning cells and much 
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reserve food material. The endosperm is comparable in great 
measure with a mixture of purified protein, carbohydrate, fats, 
and inorganic salts. The germ with its high cellular content is 
relatively richer in both the fat-soluble A and water-soluble B 
than is the endosperm. 

The leaf, on the other hand, is a mosaic of living cells, which 
is the seat of the great synthetic activities of the growing plant. 
Corresponding to this difference in function, we have found equally 
great differences in dietary properties. 


SUMMARY OF DATA IN CHARTS. 


1. Even with food mixtures derived from two to five seeds 
we have not found it possible to induce any growth in young 
rats when the animals were given distilled water to drink, and 
were therefore, afforded no inorganic salt supply other than 
what was contained.in the seeds. The elements, sodium, chlorine, 
and calcium, are the only ones which must be added in order to 
make the seeds complete from the inorganic side. JIodine was 
given in the drinking water once each week. 

2.. There is some improvement in the biological values of the 
proteins of mixtures of seeds in all cases over the values of the 
proteins of the seeds fed singly. Doubtless in certain cases the 
values of such mixtures are high, but with simple mixtures of the 
cereal grains we have not been able to demonstrate a high pies 
of efficiency as a source of protein in any case. 

3. Millet seed and flaxseed are both distinctly better as sources 
of the fat-soluble A than are the cereal grains, wheat, maize, and 
oats. Mixtures of seeds containing one of these may, when 
properly supplemented with calcium, sodium, and chlorine, sup- 
port animals in apparently good health, and without the appear- 
ance of xerophthalmia. 

4. Emphasis is laid upon the close similarity of scout from the 
dietary standpoint and the danger of deriving the diet almost 
exclusively from this source. 
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CuHarrT 1. aon, 970. These eae show that young rats are unable to grow on a mixture of equal parts of whole 
wheat, maize, and rolled oats, together with butter fat to supplement the small and inadequate content of fat-soluble 
A in these seeds. In Period 2, the addition of 1.0 per cent of sodium chloride induced a slight acceleration of growth. 
That the cause of the slow growth rests in the inadequacy of the inorganic content of the ration, is made evident by — 
the records of Lot 959, Chart 2. 

Lot 971. These curves show that the addition of calcium alone (Period 2) to mixtures of wheat, maize, and rolled oats 
does not permit growth on this seed mixture. The seeds which we have studied are without exception too poor in cal- 
cium, sodium, and chlorine, and all must be added before growth can approximate normal and be long sustained (com- 
pare Lots 970 and 714, Chart 1, and 959, Chart 2, respectively). The protein content of this mixture of seeds is not of very 
good quality and the plane of protein intake of animals on this and the closely similar ration ‘described is below the 
optimum but suffices to support normal growth over a considerable period (compare Lot 714). 

Lot 714. These records illustrate that the addition of 3.7 per cent of a complete salt mixture, in Period 2 after 6 
weeks of complete suspension of growth, enabled the animals to resume growth at nearly the normal rate on a diet 
of equal parts of wheat, maize, and rolled oats. The first limiting factor in this mixture is its inorganic content, and 
sodium, chlorine, and calcium are the only elements which need to be added. We have abundantly demonstrated 
that these three seeds are too poor in the fat-soluble A to support normal health over a prolonged period. The quality 
and amount of protein furnished by this seed mixture are below the optimum, but the effects of this would not become 
manifest except perhaps in failure of the animals to attain the full adult size, or in case the special burden of repro-: 
duction is placed upon them. 
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Cuart 2. Lot 959. Even after practically complete suspension of yd during 7 weeks, 
on a mixture of wheat, maize, rolled oats, and butter fat, three of these animals wore able to: 
resume growth at once at a rapid rate, when both sodium chloride and calcium carbonate were 
added to the diet (compare Chart 1, Lots 970, 971, and 714). What is true of this mixture 
of seeds is true likewise of still more complex mixtures of seeds (compare Lot 715, Chart 6, 
and Lots 930 and 713, Chart 7). 

Lot 714 B. It has been shown that the wheat, maize, and oat kernels are too poor in the 
fat-soluble A to maintain normal health in animals over long periods (3). Stunting and xero- 
phthalmia being the most prominent sequele of this type of specific starvation (11). The ad- 
dition of a liberal amount of butter fat (fat-soluble A), after a period of stunting, exerts no 
influence upon the ability of the animals to grow. The first limiting factor is the inorganic 
content of the food mixture (compare Lots 970, 971, 714, Chart 1, and Lot 959, Chart 2, re- 
spectively). 
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ee 3. Lot1,011. These records illustrate the fact that an improvement in the protein content 
of the diet by the inclusion of 10 per cent of casein, in a mixture of wheat, maize, 2nd oats, does not 
enable the animals to grow. While it is a matter of importance in determining the vitality of the 
animals that the protein mixture in this ration be improved and that more of the fat-soluble A be 
added, the experiments here described emphasize the fundamental importance of having a satisfac- 
tory mineral content in the diet. 

Lot 1,012. These records are of special interest when compared with the preceding charts. In 
Period 1, the mixture of wheat, maize, and oats was improved with respect to proteix by the addition 
of casein, and fat-soluble A by the addition of butter fat. Although no growth was possible on this 
mixture because of the lack of sufficient calcium, sodium, and chlorine, growth was extremely rapid in 
Period 2 when these salts were added. This result is doubtless due in some measure to the mainte- 
nance of vitality in Period 1 of Lot 1,012, better than in Period 1 of Charts 1 and 2, in all of which 
experiments more than one dietary factor was operating at the same time to depress the vitality of 
the animals. 
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Cuart 4. Lot 870. These records show the supplementary relations between i 
and oat kernels. 
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Cuart 5. Lot 869. This illustrates the value of the mixture of maize and oat proteins when fed at the plane of f intake of 7 
per cent of the food mixture. The deficiencies of the grains with respect to inorganic elements and fat-soluble A were made good 
by suitable additions. The results indicate that this protein mixture is inferior to that derived from the wheat and oat kernels 
(Chart 4, Lot 870), for growth was not so rapid, and the animals were somewhat more stunted than with the latter ration. 
The reproduction records on this ration are distinctly below those of Lot 870, on the wheat and oat mixture. Mixtures of maize 
and oat proteins in equal proportions do not appear to be greatly superior to the proteins of either seed fed singly at the same 
plane of intake, but some superiority is evident, since no reproduction has been secured on 9 per cent of either maize or oat 
proteins alone. 

Lot 868 shows that wheat and maize proteins when fed together in equal proportions are ee of so good a quality as are 
those of wheat and oats fed together in a similar manner (Chart 4, Lot 870). The fact that the one female produced three 
litters of young shows clearly that the mixed proteins are better than those of each of the seeds fed singly. These records 
together with those in Charts 4 and 5 show for mixtures of two cereal grains what we have previously demonstrated for 
mixtures of maize and navy beans, viz., that the biological values of mixtures of proteins from seeds are distinctly lower than 
that of the proteins of milk, and emphasize the fact that poor quality of the protein content of the diet is in all probability 
one of the factors in lowering the vitality of those peoples who live during the winter season on a diet restricted to a few arti- 
cles, the chief one being corn bread or wheat bread. Corn bread, salt pork, and molasses constitute in winter almost the en- 
tire source of nutriment of many people in the South today. 
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Cuart 6. Lot 715. These records illustrate the failure of young rats to grow when fed solely on a mixture of four 
seeds, maize, wheat, rolled oats, and hemp seed. The prompt response with grow i even after long stunting, upon the 
addition of a suitable salt mixture, adds further support to the belief that the inc: zanic content is the greatest factor in 
rendering mixtures of seeds incapable of supporting growth. 

Lot 722 shows that growth cannot take place in the young rat on a monotonc: s food mixture consisting of maize 90 
per cent and flaxseed meal 10 per cent. Even after almost complete suspension o° growth during 3 to 4 months, there is 
an immediate response with increase in body weight on the addition of a suitable ss 5 mixture to the diet. The flaxseed 
differs from the cereal grains in its relative richness in the fat-soluble A. This fact cecounts at least in part for the great 
favor which this substance has found as a stock food. 
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Lot 718 illustrates the failure of young rats to grow when given a monotonous 
that the limiting factor is the character and amount of the inorganic portion 0: 
seed is a constituent will be adequate in their content of fat-soluble A provided 1+ 
present. The diet of the female throughout the experiment was that of the male i» 

Seeds of plants can be classed together without exception in their dietary pro 
other foods which carry a much greater amount of calcium, sodium, and chlori:: 
dietary standpoint. In lesser degree the poor quality of the proteins of seeds and 
exceptions) of the fat-soluble A are contributing factors in causing stunting of » 
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CuartT 7. Lots 930 A and 930 B illustrate the impossibility of obtaining grow? 
In Period 2, on the addition of salts, e: 
a complete salt mixture, while Lot 930 B was given only sodium chloride and «. 
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THYROID HYPERPLASIA AND THE RELATION OF 
IODINE TO THE HAIRLESS PIG MALADY. I.* 


By E. B. HART anp H. STEENBOCK. 


(From the Laboratory of Agricultural Chemistry of the University of 
Wisconsin, Madison.) 


PLATES 2 AND 3. 


(Received for publication, December 17, 1917.) 


In our early experimental inquiries! on the growth of swine we 
soon learned that restriction to any one grain and its protein con- 
centrate or a mixture of grains and seed protein concentrates 
would lead to nutritional failure. Growth would cease and evi- 
dences of serious malnutrition appear. It was found that cer- 
tain supplements to the grains must be made if physiological 
soundness was to be maintained and growth continued. Among 
- the efficient supplements were tankage, milk, or the leaf and stem 
portion of plants, such as alfalfa. The plant roughage or 
tankage was more efficient than milk, the latter ultimately fail- 
ing as a sole supplement to the grain for perfect nutrition in the 
proportion used and under strict confinement of the animals. We 
believe this failure of milk to rest solely on its quantitative rela- 
tion to the grain mixture and had enough been supplied, success 
would have followed. With other species of animals and milk as 
milk powder constituting 10 per cent of the dry matter of a 
grain ration, successful nutrition has been attained. 

After making clear what classes of materials must be used as 
supplements to the grains for successful growth,—without as yet 
having finished the problem as to the complete analysis of the 
factors for successful nutrition contributed by the supplements,— 
our animals were involved in reproduction. In anumber of cases 


* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. | 
1 Hart, E. B., and McCollum, E. V., J. Biol. Chem., 1914, xix, 373; 
Proc. Am. Soc. Animal Production, 1915, p. 49; J. Biol. Chem., 1916, xxiv, 
p. xxviii. Hart, E. B., Miller, W. S., and McCollum, E. V., zbid., 1916, 
Xxv, 239. 
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314 Hairless Pig Malady. I 


the young were born dead and hairless or if alive when born hair- 
less, died in afew hours. Asit was known to us that this malady 
existed to. a serious extent in certain parts of the northwest- 
ern part of this country and also occurred in the state of Wiscon- 
sin, our attention was directed to the solution of its cause and 
remedy. After we were well along in the solution of the problem 
a paper by Smith? appeared from the Montana Agricultural Ex- 
periment Station. Smith had reached the conclusion, which our 
data also support; namely, that the malady was associated with a 
hyperplasia of the thyroid gland and could be corrected by the 
use of iodine. He further concluded that the malady was due 
to a deficiency of iodine in the feed consumed by the brood sows 
in that locality and believed that if more iodine were fed preg- 
nant animals over large sections of this continent, especially dur- 
ing the winter months, the young that they produced would be 
more healthy and more vigorous and the large number of weak 
and defective young animals that are produced annually would 
be greatly reduced. This last conclusion by Smith is probably 
open to question, because of the fact that of the vast numbers of 
farm animals born yearly, but a relatively small proportion are 
afflicted with those weaknesses that result fatally from a faulty 
thyroid metabolism and low iodine supply. 


Supply of Iodine in Feeds. 


The work of Forbes’ and his associates, and that of Bohn‘ in 
our own laboratory, show that feeds from all parts of the country 
are extremely low in their iodine content and with the. methods 
available for its quantitative determination no distinction as to 
the iodine content of feeds from different localities could be made. 
It may be a fact that the iodine content of feeds from different 
regions is very similar, but it is also entirely possible that our 
analytical methods are still too crude to make the distinctions 
which may really exist. But while it is true that the iodine con- 
tent of feeds by the present analytical methods is recorded from 


2 Smith, G. E., J. Biol. Chem., 1917, xxix, 215. 

3 Forbes, E. B., and Beegle, F. M., Ohio Agric. Exp. Station, Bull. 299, 
1916. 

4 Bohn, R. M., J. Biol. Chem., 1916-17, xxviii, 375. 
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a trace or none to a percentage in the thousandth place, as 
for beans 0.0002 per cent, wheat 0.0008 per cent, and rarely 
reaches a thousandth of a per cent, although corn stover showed 
0.0012 per cent and celery 0.0016 per cent, it is equally true that 
the iodine content of the normal thyroid is relatively low. The 
normal fresh thyroid of a 300 pound pig will weigh about 50 gm., 
equivalent to about 7.5 gm. of dry matter with 0.2 per cent of 
iodine or 15 mg. In 100 pounds of feed with 0.0002 per cent of 
iodine there are 90 mg. of iodine, or six times that of a normal 
swine thyroid. The rate of metabolism of the thyroid colloid is 
unknown. The wonderful avidity of thyroid tissue for iodine, 
as lately demonstrated by Marine and Feiss and Marine and 
Rogoff,> makes it appear more than probable that it is not, at 
least in all cases, a deficiency of iodine in the feed per se, that is 
the primary cause of thyroid hyperplasia in swine producing hair- 
less pigs, but that the problem is more complex and related to the 
absorption of iodine from the digestive tract or by the thyroid 
gland itself. 

We have successfully corrected the malady of hairless pig pro- 
duction by the use of potassium iodide, but would hesitate to pre- 
scribe potassium iodide as a necessity for normal reproduction for 
all regions and all animals. The same feeds that produce hairless 
and dead pigs can be so combined as to produce normal pigs. 
What the problem needs is a fundamental study of all the factors 
that may contribute to the final condition of a deranged thyroid 
gland and its accompanying faulty metabolism. If certain un- 
known conditions are favorable a sow may obtain from natural 
feeds the iodine required for both her own and the fetal thy- 
roids, but if unknown and unfavorable conditions prevail the ani- 
mal may obtain barely enough for her own thyroid activity, but 
not enough for fetal thyroid development.. We have not com- 
pleted our studies of the problem, but what information we have 
accumulated is offered as a preliminary report. 


5 Marine, D., and Feiss, H. O., J. Pharm. and Exp. Therap., 1915, vii, 
557. Marine, D., and Rogoff, J. M., zbid., 1916, viii, 4389. 
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EXPERIMENTAL. 


After our early experiments on the growth of swine with grains 
and grain mixtures had demonstrated the incompleteness of such 
rations and their disturbing influence on reproduction, attempts 
were made to determine the amount of alfalfa that must be intro- 
duced into the ration to secure a complete cycle of life. With 15 
per cent of the air-dried ration, as air-dried alfalfa, good growth 
and reproduction were secured. This particular ration consisted 
of 25 parts of corn meal, 25 parts of oat meal, 25 parts of wheat 
middlings, 10 parts of oil meal, and 15 parts of alfalfa. The pigs 
were strictly confined to the ration in pens 9 by 12 feet, with 
shavings as litter. They grew well, but their first litters of pigs 
were born dead and hairless. The hairless pigs were of normal 
weight and size and were generally carried a little over the full 
gestation time,—4 to 7 days. If born alive they lived a few hours 
after birth, but always died sooner or later. ‘Shey are charac- 
terized by thick pulpy necks and thick skin infiltrated with mucin 
material. The hair coat may vary and appears to bear a particu- 
lar relation to their vitality. Where hairless, the skin is smooth, 
shiny and bald, except for a few hairs around the eyes and nose. 
In the same litter there may be variation from full hair coats 
with full vigor to the scanty hair coats and little vitality. The 
hoofs of hairless pigs are thin walled and undeveloped and the 
thyroid gland is greatly enlarged. . 

In our experience the fresh weight of the thyroid from hairless 
new-born pigs may vary from 0.5 to 3.5 gm., while the fresh 
weight of the thyroid from the normal new-born pig is rarely 
over 0.3 gm. It is difficult to state just what a normal thyroid 
is, for there is considerable variation in weight in the thyroids 
from apparently normal pigs, but in the 50 to 60 thyroids which 
we have examined from normal 1 day old pigs the fresh weight 
varied from 0.160 to 0.800 gm. 

The thyroid of sows producing normal pigs also varies in size, 
and sows of 300 pounds’ live weight may have fresh thyroids 
varying in weights of from 20 to 50 gm. The thyroid of sows 
producing hairless pigs is likewise large and may weigh 125 gm. 
in the fresh state. In our experience there is not complete invo- 
lution, through the administration of potassium iodide, of the 
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thyroid of the mother producing hairless pigs, although it does 
serve to give the normal sized thyroid to the fetus. As an illus- 
tration, a thyroid from a mother that had always produced hair- 
less pigs, but in the last gestation had received potassium 
iodide, weighed when fresh 112 gm. and was translucent and 
gelatinous in appearance, indicating a richness in colloid; it con- 
tained 0.62 per cent of iodine in the dry matter, which weighed, 
33 gm., but the fresh thyroid was of the size of a man’s fist 
while the normal 300 pound pig’s thyroid approximates the size 
of a walnut. 

It has already been made clear by the work of Marine’ and 
others that the enlarged thyroid, accompanied by the symptoms 
of myxedema and dermal malnutrition, is a thyroid low in iodine. 
This enlarged vascular system of the thyroid gland is directly 
related to an automatic attempt on the part of the organism to 
furnish a blood of probably lower iodine concentration to the 
thyroid at a greater rate, in order that this gland may meet the 
requirements for adequate colloid building. This is exactly the 
condition of the thyroid in the hairless pig. Its iodine content 
is either but a trace or none. 1 day old pigs with scanty hair 
coat contained 0.02 to 0.05 per cent of iodine in the dried thyroid, 
while the thyroid from the dead and hairless pigs contained in- 
estimable quantities of iodine. The iodine content of the nor- 
mal dried thyroid of 1 day old pigs varies from 0.1 to 0.6 per 
cent. Our own experiments, therefore, confirm in every respect 
the belief that there is a close relation between the hairless pig 
malady and the iodine assimilation by either intestine or thyroid 
of the mother. 

After we had produced hairless pigs by the above ration, the 
same sows were fed during the second gestation period a ration 
consisting of 33 parts of corn, 33 parts of oats, and 33 parts of 
alfalfa. On this ration dead and hairless pigs were again pro- 
duced. With these mothers, once there had been induced serious 
derangement, through the use of the first ration, of either in- 
testinal absorption or thyroid metabolism, the introduction of a 
lower protein level and larger amount of roughage did not act 
as a corrective. Bearing in mind the possibility that alfalfa 
itself was a contributor to this disturbance the sows were car- 
ried through a third gestation on a ration of 33 parts of corn, 33 
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parts of oats, and 33 parts of clover. Again, hairless and dead 
pigs were born. In the fourth gestation period potassium iodide 
at the rate of 10 gm. per 100 pounds of feed was given with the 
above ration,—33 parts of corn, 33 parts of oats, and 33 parts of 
clover. On this ration normal, vigorous and healthy offspring 
were produced. The thyroids from the pigs born in. the third 
gestation were large, weighed 2 to 3 gm. fresh, and contained no 
iodine. In the fourth gestation, the fresh thyroids of 1 day old 
pigs weighed from 0.250 to 0.4 gm. and contained 0.3 to 0.4 per 
cent of iodine in the dry material. 

The proportion of potassium iodide fed was arbitrarily chosen 
and possibly less would adequately correct the trouble. Marine 
and Kimball® say that 1 mg. of iodine given weekly by mouth 
is ample to prevent goiter in dogs. The rate of 10 gm. per 100 
pounds of feed is equivalent to approximately 0.016 per cent of 
iodine, which is much more than is contained in natural feeds 
and which can give successful reproduction. If, however, it 
should be found wise to insure our herds of breeding swine against 
this trouble, it can be done at the present price of potassium 
iodide (7 dollars per kilo) for 30 cents per head and used during 
the full gestation period, 

After observing these first results with 15 per cent of alfalfa 
in the ration and a high protein intake during the growing period, 
we believed that it would be a simple matter to produce enlarged 
thyroids and hairless pigs by feeding almost any combination 
of food materials, particularly from plant sources. Consequently 
sows of 30 to 50 pounds’ weight were started on rations made up 
of 75 parts of corn and 25 parts of alfalfa; 75 parts of rolled oats 
and 25 parts of alfalfa; 75 parts of wheat and 25 parts of alfalfa. 
These animals grew well, although slightly below the normal rate. 
They were fed natural: water as had been the case in all the other 
experiments, but were strictly confined. The first litters of all of 
these sows on these rations were strong and vigorous. There 
was not a scanty hair coat in any of the litters or an enlarged 
thyroid among those examined. The thyroids weighed from 
0.100 to 0.800 gm. fresh and contained 0.25 to 0.40 per cent of 
iodine in the dry material. The feeds were from the same 


6 Marine, D., and Kimball, O. P., J. Lab. and Clin. Med., 1917, iii, 40. 


E. B. Hart and H. Steenbock 319 


sources as in the previous experiments and as far as analytical 
methods could show, contained no more iodine than those used 
in our first ration. 

The difference between the two types of rations was not in 
the iodine content, but the percentage of protein and the per- 
centage of roughage. The first ration contained 14 to 15 per 
cent of protein and the second about 10 per cent. The first 
ration contained but 15 per cent of alfalfa and the second 25 
per cent. 

It has been believed for some time that the thyroid gland 
serves as a detoxicating agent-and that the hyperplasia results 
from stimulation to the gland to produce more and more colloid 
for purposes of detoxication. Such an hypothesis must assume 
that the iodine compound produced by the thyroid is, under 
conditions of high toxicity, either eliminated from the blood 
stream at a more rapid rate than normally, or is insoluble in the 
blood stream and cannot transfuse the placental wall. It as- 
sumes that there is just as much iodine coming into the blood 
stream through the intestinal walls as under normal conditions. 
If this is the case, however, it is difficult to comprehend why there 
should be a deficiency of iodine for the fetal thyroid unless we 
assume, as stated above, that there is a more rapid elimination 
of iodine compounds or the formation of iodine compounds in- 
soluble in the blood. 

The fact that our first ration was high in protein and low in 
roughage would suggest an alternate hypothesis. Such a ration 
would lead to more or less intestinal putrefaction with the ac- 
companying conditions of faulty assimilation. A faulty assimi- 
lation of the iodine compounds in the food would lower the 
iodine supply in the blood. This would lead to the hyperplasia 
of the thyroid gland of the mother as well as that of the fetus. 
Or it is possible that the selective absorption of iodine, instead 
of being wholly referred to the intestine, may be referred directly 
to the thyroid gland. Toxic substances produced through 
putrefaction in the intestine or coming directly from the food 
may, after absorption into the blood, cause a derangement of the 
iodine-absorbing mechanism of the thyroid gland; only then as 
the mass of iodine in the blood is further increased by the admin- 
istration of iodine, can normal abserption by the thyroid gland 
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be reestablished. This condition could apply to the fetus as well 
as to the mother. This hypothesis would not preclude the 
possibility of a goitrous condition due to an actual deficiency of 
iodine in the food material in certain regions, if it really existed. 
It would, however, explain the differences observed in the effect 
of the two types of rations mentioned above and, further, ex- 
plain the sporadic occurrence of the hairless pig malady. This 
disease occurs more often in gilts than in old sows. It is more 
likely to occur in the spring and disappear with the fall litters. 
On one farm in Wisconsin fifteen from a herd of twenty brood 
‘sows produced hairless pigs in the spring of 1917. These sows 
received a ration of flour middlings, ground oats, skim milk, 
oil meal, and some ear corn. The slop for the greater part of 
the winter contained mostly skim milk. This is a high protein 
ration and probably somewhat constipating. These same sows 
on summer pasture, with more exercise and roughage farrowed 
large, healthy litters. The high protein levels fed gilts, the les- 
sened exercise, and more constipating foods of winter are exactly 
the conditions accompanying the greater prevalence of this 
malady; and these are the more likely conditions leading to a 
disturbed assimilation or absorption of iodine. 

The hypothesis that the toxicity comes directly from the food 
materials, as distinct from having its origin in intestinal putre- 
faction, and leads to a deranged thyroid metabolism is not out- 
side the pale of possibilities. Certain saponins, as digitalin, and 
toxic substances, as ricin and abrin, are said to produce thyroid 
hyperplasia. The fact that the hairless pig malady in the north- 
west is In some cases sharply limited to certain areas, but that 
within these areas there are unaffected spots, as reported by 
Smith,? strongly suggests the possibility that toxic plants may be 
concerned in the production of a faulty thyroid metabolism and 
hairless pigs in some of these localities. 

Recently Burget’ has attempted to produce thyroid hyperplasia 
in rats experimentally. In this he succeeded through the in- 
strumentality of unsanitary conditions and high protein diets. 
Further he presents evidence to show that the enlarged thyroid 
is not produced by specific infection, a view which is in harmony 


7 Burget, G. E., Am. J. Physiol., 1917, xliv, 492. 
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with our own observations. One of two sows, reared on the same 
ration and in the same pen, produced hairless pigs and the other 
produced sound and vigorous offspring. These results can be 
ascribed to constitutional differences, inherited factors which al- 
ways display themselves with any group of animals. The ration 
that is near the border line of deficiency in iodine and at the same 
time is slightly out of balance in some other respect may well 
affect some individuals more than others. 

The sows that had been reared on grain and alfalfa (75 to 25 
parts) with successful reproduction, were next taken to higher 
protein levels and lower roughage,—a ration of 15 parts of alfalfa, 
45 parts of corn, 15 parts of oil meal, and 25 parts of middlings. 
Here there has also been successful reproduction. The young 
pigs were well haired, and the thyroids normal and with normal 
iodine content. It appears probable, therefore, that the dis- 
turbances to thyroid metabolism are more likely to be developed 
during the period of most rapid growth of this species than after 
maturity, but final conclusions in this respect cannot as yet be 
made. 


SUMMARY. 


A brief summary of our experience with the hairless pig malady 
supports the view that it is occasioned by a low iodine assimila- 
tion by either intestine or thyroid, resulting in a goitrous condi- 
tion in both mother and young. This condition interferes more 
severely with fetal development than with the normal mainte- 
nance of the mother. . 

It appears to be produced by rations with high protein levels 
and low laxative effects, with the accompanying condition of 
lack of exercise and unclean surroundings. Young sows exposed 
to such conditions are more prone to develop thyroid enlarge- 
ment than are mature sows. We recognize, of course, that there 
is the possibility that some rations from certain regions are 
naturally so low in iodine as to make the scarcity of iodine the 
direct cause. : i 

We have found it possible to grow sows to maturity on natural 
feeding materials grown in southern Wisconsin, but of relatively 
low protein content and good laxative properties, with the pro- 
duction of normal offspring. On the other hand, these same 
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feeds, combined in different proportions and fortified with protein 
concentrates lead to the production of hairless pigs. 

We are of the opinion, for the present at least, that we have 
not reached the stage where it is wise to advocate the general use 
of iodine in the feed of all brood sows; that the conditions lead- 
ing to the production of hairless pigs should first be analyzed 
fully in order that we may acquire a complete understanding of 
the reasons for the successful rearing of. sows intended for breed- 
ing purposes through the use of natural materials, unfortified with 
potassium iodide. | 

However, in regions and on farms where hairless pig produc- 
tion is ongonie or persistent in character the direct use of iodides 
should be made. 

In the historical, as well as the practical phases of goiter pre- 
 yention some observations by Marine are of interest. He says:° 


‘‘The first instance of preventing goiter on a large scale was accidental 
and in connection with the sheep raising industry of Michigan. Prior to. 
the discovery of salt deposits around the Great Lakes, the future of the 
industry seemed hopeless, but with the development of the salt industry 
and its use by the sheep growers, goiter rapidly decreased. The salt con- 
tains appreciable quantities of both bromine and iodine. . . . . The 
second instance of goiter prevention on a large scale was in brook trout. 
Some years ago the development of goiter in artificially raised members 
of the salmon family became alarming and many plants were abandoned 
on account of the disease. After considerable work, which led to the con- 
clusion that. the disease was simple goiter, we were able to completely 
prevent the disease in several hatcheries, by the use of very small amounts 
of tincture of iodine added to the water.”’ Fs) 


It is therefore to be expected, that with the elucidation of the 
cause of the hairless pig malady, a prompt remedy, when neces- 
sary, can be applied. 


, 


EXPLANATION OF PLATES. 


PLATE 2. 


Fig. 1. Dead and hairless pigs. Note the thick necks, indicating a 
goitrous condition. The mother of these pigs had been reared on a high 
protein and low roughage diet, consisting of 15 parts of alfalfa, 25 of corn, 
25 of oats, 25 of middlings, and 10 of oil meal, and kept under strict con- 
finement. She had produced two litters of hairless pigs before being 
changed to a ration of 33 parts of clover, 33 of corn, and 33 of oats, on. 
which the above pigs were produced. 
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a" | PLATE 3. 


Fig. 2. The same sow that produced the pigs shown in Fig. 1. On the 
same ration,—33 parts of corn, 33 of oats, 33 of clover,—but fortified with 
10 gm. of potassium iodide per 100 pounds of feed, a normal litter was 
produced. 

Fig. 3. Reared on a ration of low protein and comparatively high 
roughage content, 75 parts of corn, 25 of alfalfa. The iodine content of 
this ration was not unlike that of the ration which produced the results 
shown in Fig. 1; the two rations, however, differed in their protein and 
roughage content and in this case the low protein diet was consumed dur- 
ing the life of the animal, including the growing period. 
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ON THE ESTIMATION OF AMINO-ACID NITROGEN 
IN THE BLOOD. 


By SEIZABURO OKADA. 
(From the Medical Clinic, Imperial University of Tokyo.) 


(Received for publication, December 13, 1917.) 


Since the publication of the nitrous acid method for the deter- 
mination of amino-acid nitrogen by Van Slyke! in 1909, the lit- 
erature upon the occurrence of amino-acids in blood. and tissues 
has grown rapidly. Various procedures have been proposed by 
different authors for the preliminary removal of protein necessary 
to the analysis. For the most part the original method of Van 
Slyke and Meyer? has been followed, in which the blood proteins 
are removed by precipitation with nine or ten volumes of 95 
per cent alcohol. 


Recent investigations by Folin and Denis,? Greenwald,‘ and Bock,® 
however, have shown that the use of alcohol is not effective owing to the 
fact that amino-acids do not completely escape precipitation by alcohol. 
Folin and Denis state that certain nitrogenous substances such as creatine, 
asparagine, and tyrosine added to the blood could not be recovered quan- 
titatively after precipitation with methyl alcohol. Greenwald found 
that methyl alcohol filtrates contained only a little over half of the amino- 
acids added to the blood. After a number of experiments with several 
protein precipitants, he found that trichloroacetic acid closely approxi- 
mated the ideal precipitant. Nine volumes of 2.5 per cent solution to 
one volume of blood were adopted and the filtrates treated with a little 
kaolin. It was found, in every case, that the trichloroacetic acid filtrate 
contained all the added amino-acid nitrogen. The liquid remains clear 
after the addition of picric acid or of potassium mercuric iodide, giving 
no biuret reaction. Bock, as a result of his study on this question, con- 
cluded that the trichloroacetic acid procedure gives satisfactory results, 


1Van Slyke, D. D., Proc. Soc. Exp. Biol. and Med., 1909-10, vii, 45; 
J: Biol. Chem., 1911, ix, 185, | 

2 Van Slyke, D. D., and Meyer, G. M., J. Biol. Chem., 1912, xii, 399. 

’ Folin, O., and Denis, W., J. Biol. Chem., 1912, xi, 527. 

* Greenwald, I., J. Biol. Chem., 1915, xxi, 61. 

‘ Bock, J. C., J. Biol. Chem., 1916-17, xxviii, 357. 
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but is somewhat troublesome in certain stages of the manipulation. Fil- 
tration is very slow, and the alternative process of centrifuging such large 
volumes (800 to 500 cc.) is not always convenient. To avoid this diffi- 
culty, he recommended heat coagulation followed by trichloroacetic acid 
precipitation. 


From the standpoint of accuracy the procedures of Greenwald 
and Bock are both satisfactory, but some difficulties still remain, 
chiefly the removal of the trichloroacetic acid after precipitation 
of protein. As suggested by Bock, if the trichloroacetic acid is 
not entirely removed it enters into some combination with the 
amino-acids which prevents their quantitative reaction in the 
Van Slyke method. Vacuum evaporation does not suffice for 
this purpose and Bock’s procedure of direct evaporation until the 
color change of the alizarin indicator is not convenient, for, as the 
solution reaches dryness, frothing and bumping often occur; 
further, the operation requires from 30 to 50 minutes. After 
making alkaline to remove ammonia and acidifying again, it is 
difficult to get clear solutions. To avoid this difficulty, I sought 
to obtain a method in which it is not necessary to remove the 
protein precipitant or in which it could be removed withoyt much 
difficulty. Kaolin in large quantities was found appropriate for 
this purpose. The preliminary procedure was carried out ac- 
cording to Bock. The. details of the whole procedure are 4s 
follows. 

A measured volume of blood (80 to 50 ce.) is treated with 0.4 
em. of ground soy bean dissolved in 2 to 3 cc. of water and 1 cc. 
of a 3 per cent solution of NaH:POu,, and allowed to stand at room — 
temperature for 30 minutes. The urea contained in the blood is 
converted into ammonia which is removed afterwards. One 
volume of this blood is slowly added to five volumes of boiling 
0.01 n acetic acid in a casserole and boiled with stirring for half 
a minute. The same amount of boiling water is then added and 
the mixture is boiled with stirring for a moment, giving a clear and 
easily filterable precipitate. This is filtered hot through a folded 
filter and the casserole washed three times with 30 to 50 cc. por- 
tions of boiling water. The filtrate is rapidly concentrated over 
a free flame in a casserole. The residue is transferred quantita- 
tively to a graduated cylinder or flask, making the volume nearly 
that of the original volume of the blood. After adding 0.1 N 
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acetic acid, the solution is made exactly one and a half times the 
volume of the blood taken. This is then shaken with kgolin (20 
gm. per 100 cc.) and immediately filtered through a folded filter. 
The first small portion of the filtrate is usually cloudy and should 
be refiltered with the same filter. When in a great hurry, it is 
recommended to centrifuge before filtration, but in this case it 
is necessary to repeat the procedure again to get clear solutions. 
The filtrate is thus quite clear, giving no turbidity or precipita- 
tion with trichloroacetic acid or with picric acid even after stand- 
ing for 24 hours, and no biuret reaction even after concentrating 
as far as possible. An aliquot part (30 to 60 cc.) of the filtrate 
is made distinctly alkaline with 1.0 N potassium hydroxide (1 to 
2 cc.), the ammonia removed by boiling 2 minutes, the solution 
made distinctly acid with acetic acid, and concentrated to the 
~ smallest possible volume; it is then transferred to a small, ac- 
curately graduated test-tube and made to definite volume (5 to 
10 cc.). The heat-kaolin method gives filtrates which rarely 
exhibit any tendency to froth, when shaken in the deaminizing 
bulb. Should frothing occur, treat again with a small portion of 
kaolin and measure the filtrate directly. Caprylic alcohol, as 
recommended for other methods, is entirely superfluous by this 
method. — 

With regard to the efficacy of the method in the recovery of 
added amino-acids, I first determined whether kaolin would absorb 
amino-acids. The following results indicate that kaolin even in 
a large amount does not absorb amino-acids at all (Table I). 

To ascertain whether the thorough manipulation described 
involves losses of amino-acids, the following experiments were 
performed. 

10 cc. of leucine solution, containing 5.42 mg. of amino nitro- 
gen were added to 33 ce. of rabbit blood, which contained 3.81 
mg. of amino nitrogen. The total amino nitrogen found was 9.07 
mg., or a recovery of 5.26 mg. of amino nitrogen from the leucine. 
Similarly, of 13.70 mg. of amino nitrogen in 10 ce. of alanine solu- 
tion, after addition to 30 cc. of blood, 13.42 mg. were recovered, 
and from 40 ce. of blood, 13.30 mg. were recovered. 10.18 mg. 
of amino nitrogen were recovered when 10.35 mg. in 10 cc. solu- 
tion of amino-acids from casein were added to 30 cc. of blood. 

Folin and Denis state that, ‘‘All reagents involving heating 


328 Amino-Acid Nitrogen in Blood 


TABLE I.* 


Recovery af the Nitrogen of Amino-Acids. Amino-Acid Nitrogen per 10 
Ce. of Solution. 


Matera Acca of elt | 
gm. mg. 

YVOSHIOfe, see. he ts ho ee ee 0 1.67 
Sate Pehl vo tas J ag Bee Coe er ‘ei weroh ore 1.67 

A Lami py eh taicean, oF <0 Seneee Re ee 0 : 13.70 
in) RR eS ME NOIR iy Sta ea Us 2, 3, or 4 13.70 
Amino-acids from Gasein........ 15.0. 0 10.35 
< * SPR RRMA Rech gr fk Sug 2 or 4 10.35 


* For the pure amino-acids I am indebted to Professor M. Kumagawa 
and his staff. Amino-acids from casein were obtained by hydrolyzing 
pure casein by boiling with 25 per cent hydrochloric acid for 30 hours. 
The liquid was neutralized with sodium hydroxide and filtered. The 
filtrate was treated with animal charcoal and filtered. After the solu- 
tion was found entirely free from protein, it was diluted to a convenient 
concentration of amino-acid nitrogen and treated by the Van Slyke method. 
As ammonia is found in the hydrolysis of casein, it was removed before 
the determination of the amino-acid nitrogen. 


are useless, because by heat (half an hour in a water bath) the 
nitrogen of normal blood filtrates may be increased to twice the 
real value.” No figures are offered.confirming this statement. 
Bock attempted a comparison between the direct trichloroacetic 
acid precipitation and the heat coagulation followed by the tri- 
chloroacetic acid precipitation, and has shown that the latter 
procedure gives even slightly lower results than the former. As 
kaolin could not be used directly for the blood protein precipitant, 
a comparison between the direct kaolin precipitation and the 
heat coagulation followed by kaolin precipitation on blood plasma 
was carried out. Direct kaolin precipitation was carried out as 
follows: The blood plasma, diluted ten to twelve times with dis- 
tilled water, was acidified with 2 to 4 cc. of glacial acetic acid, 
40 gm. of kaolin per 100 ce. of diluted solution were added, then 
the mixture was filtered with suction. After the filtrate was 
found entirely free from protein, an aliquot was taken and evap- 
orated to a small volume. ' For the determination of amino-acids, 
urea and ammonia were removed by usual procedure. ‘Tables 
II and III show no substantial difference between the procedures. 
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TABLE II. 
Non-Protein Nitrogen per 100 Cc. of Blood Plasma (Determined by Kjeldahl.) 


Heat coagulation 


: Kaoli ; 
Material. proci it ati ae f ee ebay 
mg. mg. 
Beehemipeina (OXAIALEC) os os ose we ca coca des 10.08 10.51 
« «“ 2 Sy SOL SNe 2 v9.67 9.11 
‘ a AP) gk TR eR AD ge 18.22 18.56 
“ ete A a ud hap Ve OR a Ra eerie gy 18.07 18.22 


TABLE III. 
Amino-Acid Nitrogen per 100 Cc. of Blood Plasma. 


Heat coagulation © 


Material. os ean Raa ee EM 
mg. mg. 
Beef plasms (oxalated)...../......0.0..6% 6.42 6.36 
- és So at sl he tc hs ely cn ea 5.54 5.64 
x = es Tied AE ahs di oa can a 3.80 3.97 
¥ is oh Sg EE inthe. cena: 9 eae eae 5.26 5.24 


Shetek “ Peres ES 4.97 5.06 


A comparison of the heat coagulation followed by trichloro- 
acetic acid’ and the heat coagulation followed by kaolin precipi- 
tation shows that there is no appreciable difference between these 
two methods (Table IV). 


TABLE IV. 


Comparison between the Heat-Trichloroacetic Acid Method and the Heat- 
Kaolin Precipitation. Non-Protein Nitrogen per 100 Cc. of Blood 
(Determined by Kjeldahl). 


Material. Heat-trichloroacetic Heat-kaolin. 


acid. 
mg. mg. 
Peer ood. (Oxalated )Awcaitce. ciate os sss 14.29 14.29 
Dor = ~ ALES Grin Coie Dear EVE bs: 23.54 
ee i)". Sve aah eed eS 23.88 24.18 
“ “e oh Re arenes Shore. ae 18.21 18.21 
“ee er eT... Canteen 25.50 25.50 


£5 te Me oe ge Ata Merle sus de 26.90 26 .45 
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TABLE VY. 


Comparison between the Heat-Trichloroacetic Acid and. the Heat-Kaolin 
Precipitation. Amino-Acid Nitrogen per 100 Cc. of Blood. 


Material. BOD ea Heat-kaolin. 
4 mg. mg. 
Rabbiteplood (oxalate) a0. 7-c4ee- eee 10.49 9.82 
a i Ae Udit ge Moko tay eee ae 11.68 11.68 
Sheep “ SS Ty Be ee eee rma ) 6.70 6.70 
Rabbit “ Ht at aa ee wae eae iY ees nh ere 11.57 
rs ny Ned [il sey oe Unt teen eters 10.70 10.87 
Beef os PUTTER EE UN so enaend Met ote eae 7.42 7.42 


Alcohol precipitation has shown more or less lower values as 
was expected from the results of previous investigations. 


TABLE VI. 


Comparison between the Heat-Kaolin and Methyl Alcohol Method. Amino- 
Acid Nitrogen per 100 Ce. of Blood. 


Material. Heat-kaolin. Methyl alcohol. 
mg. mg. 
Rabbit ublaod (oxalated)@ ie. .ee ee 9.72 5.89 
% : Sete NO State cian eee 10.55 8.68 
> ‘i TR Bet St Ail? rs oh A 10.67 9.53 
i is REDE MP ERNE oe yeRN ps ha tt a Ba 8.99 
i EO = els vac deletes eee eee 9.81 8.49 
TABLE VII. 


Comparison between the Heat-Kaolin and Ethyl Alcohol Method. Amino- 
Acid Nitrogen per 100 Cc. of Blood. 


Material. Heat-kaolin. 95 per cent alcohol. 
mg. mgs 
Dog blood os eA ae eaeenes 8.06 52054 
Rabbitug?\: Og ite «au ere ee ae ee 198 5.78 
ye i TN ie, oa a es art 7.06 5.57 
* a tf I Seer eee it Naar a 11.33 Hh ey 
Dog £ 553 | Ae ee 6.57 3.84 


. ‘ fo 9 US OE alae eet 9.89 5.17 
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SUMMARY. 


The use of methyl or ethyl alcohol as a precipitant for proteins 
in the determination of non-protein nitrogen or amino-acid ni- 
trogen in blood is undesirable. 

The methods of Greenwald and of Bock have been found serv- 
iceable for amino-acid nitrogen determination, but the procedures 
are somewhat troublesome. 

A method is proposed (the heat- dolih method) which has been 
found accurate, less troublesome, saving in time, and economical. 


In conclusion I wish to acknowledge my indebtedness to Pro- 
fessor T. Aoyama for his generosity in allowing me to carry out 
this work in his laboratory and for his encouragement. 
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RESPIRATORY REGULATION OF THE CO, CAPACITY 
OF THE BLOOD. 


I. HIGH LEVELS OF CO, AND ALKALI. 


By YANDELL HENDERSON anp H..W. HAGGARD. 
(From the Physiological Laboratory, Yale Medical School, New Haven.) 


(Received for publication, December 31, 1917.) 


The balance between acids and alkalies has come to be recog- 
nized as one of the most important of the equilibria of the living 
body. It is so important in fact that it appears never to be 
considerably altered except when the organism is practically 
moribund. ay 

The two modes of estimating the degree of equilibrium which, 
at the present time, appear to be most interesting are by meas- 
urement of the CO, content of the alveolar air and of the CO, 
capacity or ‘‘alkaline reserve” of the blood (Van Slyke). The 
view now prevailing is that in ‘‘acidosis” the accumulation of 
non-volatile acids in the body neutralizes the alkalies and causes 
a reduction-in both measurements. | 

In the facts and conclusions which follow we do not question 
the essential correctness of this general conception in conditions 
of true acidosis. We do however attempt to show that many 
conditions simulating acidosis are really due to disturbance of 
another factor which exerts a powerful! influence upon the CO, 
capacity of the blood, and which may lead to an equilibrium at a 
new level. This factor is respiration. Abnormal breathing may 
even produce a disturbance such that equilibrium cannot be 
spontaneously restored. It may thus produce death. 

Recent papers by Scott,! Peters,? and others have recognized 
certain aspects of this factor. General recognition of its power 
will profoundly modify the present crassly mechanistic theoreti- 


1 Scott, R. W., Am. J. Physiol., 1917, xliv, 196. 
Peters, i) b.,.0r., Am.Ju PRhysiol., 1917, xl, l13; xliv, 84. 
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cal conceptions in this field, and will, we believe, find wide reach- 
ing practical applications. 

In brief, the experiments to be described in this series of papers 
seem to indicate that when in an otherwige normal organism 
respiration is stimulated to excessive vigor by pain, by a drug, 
e.g., ether (or probably by any condition which lowers the thresh- 
old and increases the sensitivity of the respiratory center), the 
blowing off of carbon dioxide produces a reduction in the CO, 
content of the blood. ‘This condition very soon leads to (and in 
respect to C, is probably in part compensated by) a reduction 
also in the CO: capacity (alkaline reserve) of the blood. Appar- 
ently alkali passes out of the blood into the tissues. Thus the 
acid-base equilibrium or COs: alkali balance of the blood is re- - 
stored at a level much below normal, and a condition simulating, 
but in certain respects markedly distinct from true acidosis re- 
sults. Infact, until thus compensated, the condition is a sort of 
low CO: alkalosis. It may be conveniently designated acapnia,?® 
although the term thus applied has a significance much broader 
than heretofore. It indicates a blood low not only in CO2 (H2CQs), 
but also in sodium bicarbonate. Unlike a true acidosis the total. 
alkali in the body remains, so far as we can judge, unaltered; it 
is merely abnormally distributed. 

On the. other hand when the respiratory center is depressed 
e.g., by morphine, or when by the administration of high concen- 
trations of CO, in the air breathed, the alveolar CQ, is raised, 
the CO, content of the blood is also raised. This causes (and in 
respect to the C, of the blood is probably compensated by) an 
increase in the CO, capacity or “alkaline reserve” of the blood, due 
apparently to the passage of alkali from the tissues into the 
blood. Thus a pseudoalkalosis or, if one thinks only in terms of 
C,, a CO, acidosis, is produced. It may conveniently be termed 
hypercapnia: both the CO, and the sodium bicarbonate in the 
blood are above normal. Probably the total alkali in the body is 
unaltered. It is merely redistributed. 

Either of these conditions, when once induced, shows a distinct 
tendency to be maintained. Any rapid variation from the new 


’ Henderson, Y., Am. J. Physiol., 1908, xxi, 126; 1908-09, xxiii, 345; 
1909, xxiv, 66; 1909-10, xxv, 310, 385. Henderson, Y., and Scarbrough, 
M. McR., zbid., 1910, xxvi, 260. Henderson, tbid., 1910-11, xxvii, 152. 
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level of CO. and alkali back toward the normal level is resisted 
by the action of the respiratory center or allowed to develop 
only gradually. 

In this paper we shall give the experiments in which a high 
level of CO, and alkali, or hypercapnia, was induced. In suc- - 
ceeding papers experiments producing low levels of COs, or 
acapnia, will be presented. 


Theoretical. 


Attention at present is fixed so exclusively upon C, that we 
must specifically point out that actually this “physiological con- 
stant’’ only varies imperceptibly. Even these slight variations 
induce powerful counteracting efforts. Through these efforts 
nearly normal equilibrium in respect to C, is attained at highly 
abnormal levels of CO.: alkali. Thus, as we see it, interest should 
now shift, at least for the physiologist, from C, and the physico- 
chemical equilibrium to these levels of COz:alkali and the physio- 
logical equilibrium. 

The physicochemical equilibrium (L. J. Henderson) is oy 


proximately the balance of CO, against NaHCO; to maintain H, 
that is, C,, in the expression: 


Pulmonary Blood. 
air. 
+ ae 
CO, =/DissolvedCO,— H2CO3;— H sh HCO3 


he 


NaHCO; = Na + HCO; 


On the other hand the physiological equilibrium and the re- 
spiratory activity by which any great and sudden changes in Cy 
are prevented may be expressed, for example, at three levels of 
CO, and alkali as shown in the following table. 

The numerator (H:CO3) is always proportional to the alveolar 
CO, because the amount of CO, dissolved (not combined with 
alkali) is determined by the tension of CO: in the alveolar air 
(law of Henry). The alveolar CO, is of course always inversely 
proportional to the pulmonary ned Melon per unit mass of CO: 
eliminated. 
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Blood Plasma. Respiration. 
CO:2 in form of Pulmonary ven- wi 
Ca CO: tilation in ce. Condition. 
aoe in alveolar | of ah. 5.5 
2COs air, ec. COz elimi- 
H2CO3+ NaHCOs NaHCoz nated. 
vol. per cent ee bee per cent CG. 
63 3:60 | Normal.| 5.4 100 Normal level of 
COz: alkali. 
42 2: 40 3.6 150 Low level of CO: 
. alkali. 
84 4:80 H ine 75 High level of 
CO,: alkali. 


The expression ‘‘level of CO, and alkali” does not mean the pro- 
portion of CO, to alkali but the quantity of both; that is, their sum. 
Thus when in the plasma the proportion of H,CO3;:NaHCQO; is 
3:60 the level of the equilibrium (C,,) is normal or nearly normal 
at 63. When it is 2:40 the equilibrium is at the low level of 42, 
while 4:80 is at the high level of 84. In all these cases the pro- 
portion of H,CO;:NaHCO; is equal to 1:20 and the C, may (theo- 
retically) be the same; that is, normal (Van Slyke and Cullen‘). 
The breathing to maintain this equilibrium must, for a definite 
CO, elimination, be 50 per cent greater than normal at the low 
level and 25 per cent less than normal at the high level. When- 
ever the proportion is forced away from 1:20 (or its equivalents 
in respect to C, 3:60, 4:80, 2:40) the system seeks by physiologi- 
cal means to reattain equilibrium, in as nearly the normal C, as 
possible, at a new level. If the proportion is more than 1:20 the 
C,, 1s above normal and if less than 1:20 it is below normal (cf. 
Peters).? 

These figures apply to plasma, in which, at least for theoretical 
discussion, the conditions are comparatively simple. For whole 
blood these figures should be somewhat smaller (about five- 
sixths). For the purposes of our experiments analyses of plasma 
would however be much less significant than whole blood. 

In the production and maintenance of the low level as it exists 
probably in acidosis of renal or metabolic origin the alkali of the 


‘Van Slyke, D. D., and Cullen, G. E., J. Biol. Chem., 1917, xxx, 294. 
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blood’ by influencing the respiratory center controls the CO, 
(H.CO3). On the other hand in the low and high levels produced 
by disturbances of breathing the respiratory center by controll- 
ing the CO, exerts a powerful influence upon the alkali (NaHCOs). 

If objection be taken to our saying that C, may be “normal”’ 
at various levels of CO., we would point out that people living 
5,000 or 10,000, or even 15,000 feet above sea level, or again 
below sea level, have as much right to consider themselves nor- 
mal as have we who live by the sea. But their levels of CO, are 
widely different from ours.® 


Method. 


All experiments were performed on healthy dogs. The femoral 
artery was exposed under local anesthesia (cocaine 0.5 cc. of 2 
per cent solution) and a cannula inserted. Samples of blood, 3 
to 6 cc. each, were withdrawn at regular intervals with proper 
precautions to avoid getting stagnant blood. Clotting was pre- 
vented by a small amount of powdered potassium oxalate. 1 cc. 
of the whole blood was analyzed to determine its CO, content. 
The remainder of the sample was then brought into equilibrium 
at 20°C. with air containing 5.4 to 5.7 per cent CO, (determined 
by analysis). 1 cc. of this whole blood was then analyzed. This 
gave the CO, capacity. The methods were those described by 
Henderson and Morriss.6 The figures for CO: capacity are pro- 
portional and closely approximating but not absolutely identical 
with those which would be computed by the Van Slyke method. 
We prefer the expression ‘“‘CO; capacity,” to the still rather hypo- 
thetical expression ‘‘alkaline reserve.”’ The capacity of the pro- — 
teins to combine with CO, may be considerable (Buckmaster’). 
By CO, capacity we mean the total amount of CO, (reduced to 
0° and 760 mm.) in the blood whether in solution or combined 
with alkali or protein at the tension of the CO» in the air with 
which the sample of blood is brought into equilibrium. . 

The alveolar air was determined with a mask and bag by the 
Higgins-Plesch method. 


5 Fitzgerald, M. P., Phil. Tr. Roy. Soc., Series B, 1918, ecili, 351; Proc. 
Roy. Soc., Series B, 1914-15, Ixxxviu, 248. 

6 Henderson and Morriss, J. Biol. Chem., 1917, xxxi, 217. 

7 Buckmaster, G. A., J. Physiol., 1917, li, 164. 
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The reliability of all,our work depends upon the accuracy with 
which the blood was “saturated” or (better) “equilibrated” with 
air containing 5.5 per cent CO.. The method of equilibration 
and analysis was therefore subjected to the following tests. 

A supply of arterial blood was drawn. Analysis was made for 
(a) the COs content. A sample was then equilibrated with air 
containing 5.5 per cent CO, and analyzed (6). A second portion 
of the blood was then equilibrated with air containing 10 per cent 
CO.. Part was analyzed (c), and the rest was then equilibrated 
with 5.5 per cent CO, and analyzed (d). <A third sample was 
equilibrated with atmospheric air. A part of this was then ana- 
lyzed (e), and the remainder was equilibrated with 5.5 per cent 
CO, and analyzed (f). In all cases the equilibration was carried 
out by the method used in routine ‘determinations of the CO, 
capacity. The equilibrating air was passed through a tube into 
a test-tube containing 2 or 3 ec. of blood under albolene until 
the liquid was violently agitated for 30 seconds and for the most 
part in foam. The test-tube was then stoppered and set aside 
until the blood and oil separated. 

The foregoing series of equilibrations and analyses was re- 
peated with blood drawn from the same dog several hours later. 
The equilibrations lasted 2 minutes each. The results obtained 
were as follows: 


a b c d € f 


Rirst “Series... fies eee eee 47 50 ~§»= 60 51 oe 50 
Second satis ig 7) Pe ee eee 47 47 58 47 oF 49 


Under the extreme conditions the concordances 50, 51, 50 in 
one series and 47, 47, 49 in the other (6, d, andf) are satisfactory. 


Object of the Hxperiments. 


Our aim was to determine the effect upon the CO, capacity 
of the blood induced by increasing the CO, tension of the pul- 
monary air. This was effected by depressing respiration by 
means of morphine or by administering CO: in proper dilution in 
the air breathed. . For the latter purpose a Douglas bag of 50 
liters capacity was filled with air to which 5 or 6 per cent of CO. 

. was added. The animal rebreathed this mixture through a 
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closely fitting mask and as the CO, increased oxygen was added 
in equal amount. 


EXPERIMENTAL. 


Two control experiments were performed. They demonstrate 
that under the conditions all the functions remain nearly con- 
stant. Even in the slight variations observed the CO, content 
of the blood shows a tendency to follow the alveolar CO, within 
5 minutes. With a distinct lag of 15 to 30 minutes the CO, 
capacity follows the CO: content. : 


Experiment 1.—Control. Dog, male, 12 kilos. Nodrug. Animal quiet 
and comfortable, and breathing normally throughout. Air used for equi- 
librating blood contained 5.4 per cent COs. 


Blood COz. 
Time. Conditions. Alveolar COsz. ee 
Content. Capacity. 

p.m. per cent vol. per cent vol. per cent 6b: 
4.15 Normal. 5.4 46 47 39.8 
4.45 a 5.5 48 47 39.8 
5.15 a 5.2 4. 45 39.8 
5.45 ut 5.4 00 47 39.7 
6.15 ib 5.2 50 SOG er 107 1639-8 
6.45 af 5.3 48 46 39.8 
7.15 cs 5.4 49 50 39.6 


Experiment 2.—Control. Dog, male, 9 kilos. Conditions as in Ex- 
periment 1. Equilibrating air 5.5 per cent COs. 


Blood CO2. 


Time. Condition. Alveolar CO2.| ——_____ Shade i 
Content. Capacity. 
per cent vol. per cent vol. per cent oe 

10.15 a.m. Normal. 5.3) 47 49 39.7 
10/45 = -* “ 5.2 47 48 39.7 
$1215" * se 5.4 50 48 
14h a" sf 5.1 48 48 39.7 
PGs a 5.5 ol 50 
12.45 “ ot 5.5 51 49 39.8 

1.45 p.m. « 5.4 51 52 

oe a s 5.4 50 50 39.7 
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In the next four experiments, after a preliminary normal 
period in each case, morphine was administered subcutaneously. 
The extent of the depression of respiration may be judged by the 
rise in the alveolar CO, from the normal of about 5.3 up to 
amounts ranging from 6.1 to 6.9. In one case (Experiment 6) 
this rise was comparatively slight at first (owing to the animal 
being of an excitable character and breathing correspondingly) 
and in the columns showing the CO, content and CO, capacity 
the effects are correspondingly slight. Later in this experiment 
and in all of the experiments in which the alveolar CO: attained a 
high level, the CO, content of the blood invariably followed it, 
and the CO, capacity followed the CO, content with a lag of 20 
to 30 minutes. Thus the CO, content rose from about 50 up to 
values ranging from 68 to 67, and the CO, capacity from about 
50 up to values of 59 to 64. 


Experiment 3.—Dog, male, 14 kilos. Morphine administration, de- 
pressed respiration, followed by rise of CO, content and CO: capacity. 
Equilibrating air 5.7 per cent CO. 


Blood COz. wes 
Time. Condition. Alveolar | 2 ae tempera- 
3 . ture. 
Content. | Capacity. 
per cent |vol. per cent|vol. per cent 3 6s 
9.30 a.m. | Normal. One 52 52 - 39.9 
10.00 “ pat 52 53 
10:0by Morphine, 0.14 gm. 
1OsMOg Vomiting and panting. 
10.40 <“‘ Quiet. 6.6 57 48 
i200 ae 60 53 37.8 
12:00 oy Quiet. 6.6 | 62 54 
12.30 .* a 62 56 
1.30 p.m. a 6.9 67 59 
210a x 63 60 36.6 
2.40 “‘ ae 58 59 
3.30 “ 6.8 64 62 


6.00 “ Struggling. 4.8 49 56 37.0 
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Experiment 4.—Dog, male, 9 kilos. Morphine administration. Con- 
ditions as in Experiment 3. Equilibrating air 5.7 per cent COs. 


Blood CO. 
Time. Condition. es oe 
if Content. | Capacity. Ture. * 
per cent |vol. per cent|vol. per cent oO 
11.30 a.m. Normal.. 5.4 |°. 49 50 39.7 
bd dees Fpl Morphine, 0.16 gm. 
Retowe 5.9 57 54 
IZA * 6.0 60 56 38.8 
1.20 p.m. 6.3 62 59 
2.00 “ 6.7 64 59 
2.40 <“ 6.6 63 60 38 .6 


Experiment 5.—Dog, male, 12 kilos. Morphine administration. Con- 
ditions as in Experiment 3. Equilibrating air 5.5 per cent CO. 


f Blood CO:z. 
Rectal 
Time. Condition. Se yey iee 
Content. | Capacity. ture. 
10.15 a.m. Normal. 5.3 50 51 39.6 
10.207) 5 Morphine, 0.24 gm. 

1050 wine 6.0 56 54 

11.35 “ 6.6 64 58 38.4 
12.30 “ 63 60 
1.30 p.m. Gay, 65 59 
3,004) °* Very quiet. 70 64 


Experiment 6.—Dog, male, 10 kilos. Morphine administration. Con- 
ditions as in Experiment 3. Equilibrating air 5.4 per cent COd. 


Blood COs. 


Time. Condition. cai eoe ater! 

7 Content. | Capacity. ture. 

per cent |vol. per cent|vol. per cent SOs 

10.00 a.m. Normal. . 5.4 49 49 39.8 

10.80 “‘ Morphine, 0.16 gm. 

Mio. 54 48 

2.004" 5.8 56 52 39.0 
1.15 p.m. | 60 56 
2100—-3* 6.1 63 58 
3.00 | 64 58 


4.00 ‘‘ 62 59 08.8 
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In Experiment 7 morphine was administered and the animal 
was then made to rebreathe (by means of a mask and Douglas 
bag) air of a CO, content at first practically the same as the 
~normal alveolar air and rising gradually to 8.2 per cent. The 
CO, content of the blood rose in 1 hour and 10 minutes to 76 
and the CO, capacity to 67. 


Experiment ?.—Dog, male, 8 kilos. Morphine and CO, administration. 
Procedure same as Experiments 3 to 6 except that dog rebreathed into a 
large bag, which in the beginning contained 5 per cent CO,. Equilibrating 
air 5.5 per cent CO. 


Blood COs. 
Time. Condition. ot oe Bed 
: Content. | Capacity. ture. 
p.m. per cent |vol. per cent|vol. per cent eCt 
3.35 Normal. 48 50 39.9 
4.00 Morphine, 0.12 gm. 
4.20 Breathing COs. 5.1 
4.40 % “ 70 06 
5.10 3. re 69 64 40.0 
5.15 4 a 8.2 
5.30 if t 76 67 
6.00 ie “ 74 66 


Finally three experiments were performed in which no morphine 
was administered, but the rebreathing from the bag was begun 
with about 6 per cent of CO, and continued until the CO, had - 
accumulated up to 10, 11, and 20 per cent respectively. (Ample. 
oxygen was supplied.) Of course the breathing was stimulated 
to violent activity at percentages between 6 and 10, but much 
less above 10 per cent. ‘The effects on the blood were of exactly 
the same character as in the experiments in which respiration 
was depressed and the alveolar CO, raised by means of morphine. 
The CQ: content was forced up (to 74, 73, and 87) and the CO; 
capacity followed it upward (to 64, 59, and 74). When the re- 
breathing was stopped and the animal again allowed to breathe 
normal air, the CO, content led the CO, capacity downward 
toward normal values again, but the descent was slow and gradual. 
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Experiment 8.—Dog, male, 8 kilos. CO: administration. Procedure 
same as Experiment 7, except that morphine was omitted. Equilibrating 
air 5.5 per cent COs. 


Blood COz. 
Time. Condition. a craie| co oa Leta 
Content. Capacity. 
p.m. per cent vol. per cent | vol. per cent MO. 
4.15 Normal. . 51 50 39.8 
4.30 CO, started. . 6.0 
4.45 54 55 
5.15 10.2 68 59 39.9 
5.45 11.4 72 64 
6.15 74 63 
6.20 CO, stopped. 
6.45 64 Giae 


Experiment 9.—Dog, female, 14 kilos. CO: administration. Pro- 
cedure similar to Experiment 8. Equilibrating air 5.4 per cent COs. 


: Blood COs2. 

Time. Condition. aa Uae Ae oe oe TREE SEE fa oaenrs 
Content. Capacity. 

p.m. per cent vol. per cent | vol. per cent °C 
1.40 Normal. 48 46 39.8 
2.15 CO; started. 6.0 1 
2.45 8.2 62 54 39.7 
3.15 . 66 56 39.6 
3.45 10.3 73 ; 59 
4.15 72 61 39.8 
4.20 CO: stopped. 
4.45 54 59 
5.15 50 54 


5.45 os 47 52 
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Experiment 10.—Dog, male, 11 kilos. CO, administration. Procedure 
same as Experiments 8 and 9, but the CO, in bag was run up higher. 
Equilibrating air 5.5 per cent COs. 


; Blood COz. 
Time. Condition. Baan oR es Pete ho ae 
Content. Capacity. 
per cent vol. per cent | vol. per he sf Os 

11:30 a.m. | Normal. 48 50 39.9 
11.45 “ CO, started. 6.2 | 
Ie oe acs , 57 54 

LS sm: 67 60 

She ae 10.3 70 62 40.1 

PAT Gy os 72 66 

OLD cae 14.0 _ 79 65 

4.00 * 87 71 

4.45. - 20.0 86 74 42.0 


4.50 “ CO, stopped.* 


* After drawing a few breaths of fresh air the dog stopped breathing. 
The heart continued to beat for several minutes and then stopped. Died. 


Experiment 10 is extraordinary. The CO, in the air breathed 
reached 20 per cent. The CO, content of the blood rose to 86 
and the CO, capacity to 74. When the animal was finally allowed 
to breathe normal air again its respiration ceased after a few 
breaths and a fatal apnea followed. Apparently the alkali con- 
tent of the blood had been raised so high that when the abnor- 
mally high pressure of CO. was withdrawn the respiratory center 
’ Jacked an adequate stimulus. 


CONCLUSIONS. 


Whenever by means of morphine respiration is depressed and the 
alveolar COs, is raised, or whenever by the administration of CO. 
in the air breathed the CO, content of the blood is forced up, 
the CO, capacity (alkaline reserve) of the blood also rises. This 
rise is probably due to a compensatory passage of alkali from the 
tissues into the blood. Through this mechanism respiration 
exerts a powerful influence upon the ‘alkaline reserve”’ of the 
blood. 


RESPIRATORY REGULATION OF THE CO, CAPACITY 
OF THE BLOOD. 


II. LOW LEVELS OF CO; AND ALKALI INDUCED BY ETHER. THEIR 
PREVENTION AND REVERSAL. 


By YANDELL HENDERSON anv H. W. HAGGARD. 
aan the Physiological Laboratory, Yale Medical School, New Haven.) 


(Received for publication, Detanner 31; 1917.) 


In the light of present knowledge it appears probable that 
many, perhaps most, of the functional disturbances induced by 
anesthesia are due to the production of an abnormal CO, ca- 
pacity (alkaline reserve) in the blood, or to deeper effects of 
which the CO, capacity is an index. 

At present such effects are generally interpreted as “acidosis.” 
Our observations show that, at least under ether, they are of a 
very different origin. 

Morriss! has shown that in patients under ether a lowering of 
the alkaline reserve of the plasma occurs. On the basis of some 
preliminary experiments on dogs Prince and the authors? have 
verified Morriss’ observation and have obtained results indi- 
cating that the effect is due to the respiratory excitement in- 
duced by ether. An abnormally great amount of CO, is venti- 
lated out of the blood by the excessive breathing and the CO, 
content is thus lowered. Sometimes when this blowing off has 
been very rapid the result is failure of respiration: apnea vera. 
When the blowing off is less rapid but is prolonged another 
change occurs which (as Prince first pointed out to us) is of a 
compensatory character. This consists (as set forth in general 
terms in the first paper of this series) in a decrease of the CO2- 
combining power (alkaline reserve) of the blood. The simplest 
supposition upon which to explain it is that when the alkalinity 


1 Morriss, W. H., J. Am. Med. Assn., 1917, Ixviii, 1391. 
2 Henderson, Y., Prince, A. L., and Haggard, H. W., J. Am. Med. Assn., 
1917, lxix, 965. 
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of the blood is abnormally increased by the blowing off of COs, 
alkali passes out of the blood into the tissues. | As a result of these 
two processes both the CO, and the alkali in the blood are de- 
creased, and the proportion of H,COs:INaHCO; and conse- 
quently the C,, of the blood are much less decreased than would 
be the case if only the CO: were altered. — 

If the “level of CO, and alkali” (as defined in the previous 
paper) is reduced below the critical value lying between 33 and 
36 volumes per cent of COs, a condition of general depres- 
sion of all vital functions results. Above the critical level the 
process appears to be reversible, for if CO, is administered in the 
air breathed and the CO, content of the blood is thus raised the 
CO, capacity follows it upward, probably because of the passage 
of the alkali from the tissues back into the blood. On the other 
hand if the marked resistance to further depletion of CQ, ca- 
pacity which occurs at the critical level is broken down and the 
CO, capacity further reduced, the result is a condition of vital 
depression from which the subject does not spontaneously re- 
cover. This condition may be termed acapnial shock. 

In the experiments to be reported here the methods were iden- 
tical with those in the first paper of this series, and the controls 
reported there apply equally here. 


EXPERIMENTAL. 


In the first experiment are shown the effects (in the dog) of 
careful and skilful etherization by the open method. The initi- 
ation of anesthesia was rapid, the administration as nearly uni- 
form as practicable by this method, and both excitement of respi- 
ration from too little ether and depression from too much were 
avoided. The CO, content was reduced in the course of the Ist 
hour from the normal of 50 down to 45. It underwent no con- 
siderable change during the succeeding 5 hours. 


Experiment 1.—Dog, male, 11 kilos. Skilful etherization. Full anes- 
thesia by open method. Equilibrating air 5.6 per cent CO2. 


Blood COs. 


Time. Condition. Reseed 
Content. Capacity. 
vol. per cent vol. per cent 

8.30 a.m. | Normal. 21 51 50 

$005 B64 Ether. 

9:30. “ 47 43 50 
10.00 “‘ 48 43 45 
10.30 “ 26 46 46 
LEGO...” 30 51 48 
Lous 17 47 47 
POO 19 44 47 
12:20 *° Shallow respirations. 29 56 48 

1.00 p.m. | Less ether. BA 46 45 

jack's 14 48 44 

ee was 19 50 44 

20 29 44 46 

00! ye: 25 41 45 


3.05 “ Experiment stopped. Dog in good condition. 


In thé second experiment the initiation of anesthesia was pur- 
posely made unskilfully slow. The dog was allowed to struggle 
in the stage of excitement for a considerable time, and when this 
period came to an end the ether was given irregularly so that at 
no time was there deep anesthesia. 


Experiment 2.—Dog, female, 8 kilos. Etherization, open method, ex- 
cessive respiration. Equilibrating air 5.5 per cent COQOp. 


Blood CO:. 

Time. Condition. eee Se 

Content. Capacity. 
p.m. vol. per cent vol. per cent 
4.00 18 47 49 
4,24 Kther started. 
4.26 44 
4.28 68 
4.30 74 
4.33 90 
4.35 ; 38 48 
5.00 62 
9.10 39 44 
5.30 34 
6.10 40 43 
6.30 46 
7.10 38 4] 
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In the third experiment is afforded an example of extremely 
bad light etherization, yet which was not so bad as to cause early 
death from failure of breathing (apnea). The excessive breath- 
ing reduced the CO, content of the blood progressively and the 
COz2 capacity followed downward with the usual lag until at a 
CO; capacity of 28 the animal was moribund. It died soon 
after. 


Experiment 3.—Dog, male, 14 kilos. Prolonged ether excitement. 
Equilibrating air 5.4 per cent CO. 


Rosca Blood CO:. 
Time. Condition. tions per 
one Content. | Capacity. 
vol. per cent| vol. per cent 
9.20 a.m. Normal. 19 54 aa 
o730)5, Ether started. 
10.00 “ : 63 44 52 
10:30 5: 82 39 44 
100g: 70 36 43 
1YS057* 78 37 44 
1200 = 42 36 41 
12so0ue | 84 35 39 
1.00 p.m. 59 37 38 
1307 76 31 - 36 
ae) es 56 22 37 
Dolla. 59 24 31 
3.00 77°" 82 ot 28 
o.l0 7s: Moribund. Ether stopped. 
Fat ead Stopped breathing. 
3.24 “ Heart stopped. Dog dead. 


In the fourth experiment the same procedure was followed until 
the CO, content had fallen at the end of 210 minutes to 35 volumes 
per cent and the CO, capacity to 38. The administration of ether 
was then stopped, and in the course of the succeeding 90 minutes 
the COs, content rose again nearly to normal and thereby caused 
the CO, capacity to rise to 46, only a little below the normal 
level. 
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| Experiment 4.—Dog, male, 10 kilos. Light and irregular ether for 210 
minutes, with spontaneous recovery toward normal during following 90 
minutes. LHquilibrating air 5.7 per cent COs. 


Hespire: Blood CO. 
Time. Condition. tions per 
cpr Content. | Capacity. 
vol. per cent| vol. per cent 
9.30 a.m. 20 50 53 
9.45. * Ether started. 
10:00" “ 82 
TO-ta: - = 42 50 
10.80;- * 68 
10.45 * 36 47 
ERLOO 66 
Hiftas 37 44 
Tice. 69 . 
Teaoe 36 41 
1200 59 
Too =" 40 38 
12.30 << 60 
1.15 p.m. 35 38 
16205; “ Ether stopped. 
1: ed 43 39 
PAs ase 49 43 
yi lead 47 46 
Day) Ss Animal in good condition. 


Evidently in the foregoing experiment the decrease of the CO» 
capacity (alkaline reserve) was spontaneously reversible from the 
low level reached. 

The first part of Experiment 5 was similar to the preceding 
experiment. After the CO, capacity had been reduced to 39 in 
this case however, instead of discontinuing the ether the amount 
administered was increased to a maximum just short of causing 
respiratory failure. This condition was continued for 80 min- 
utes: Under the depression of respiration thus caused the alveo- 
lar CO, was of course increased. The CO, content of the blood 
rose to 67 and the CO: capacity was raised to 54; that is, slightly 
above normal. The animal died soon after, probably from an 
insufficiency of oxygen. 
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Experiment 5.—Dog, male, 12 kilos. Light and irregular etherization 
followed by very deep etherization (with no rebreathing). Equilibrating 
air 5.65 per cent COs. 


; Blood CO». 

Time. Condition. RECS, i 
t ah Capacity. 

p.m. ee a vol. per cent 
3.00 |. zi 49 50 
3.15} Ether started. 
3.45 82 39 47 
4.15 . 73 37 42 
4.45 57, 38 43 
0.15 61 36 40 
5.45 63 39 39 
6.00 | Ether increased to limit. 
6.15 47 43 39 
6.45 | Blood dark. 37. shallow. |. 53 41 ° 
7.15 * af 46 “< 67 54 


7.23| Dog dead. 


From this experiment it is clear that when the CO, content is 
lowered by etherization the effect is not due to any influence of 
the ether per se other than the excessive pulmonary ventilation 
and low alveolar CO.. In order however to make absolutely 
sure of this point we performed Experiments 6 and 7. We 
reasoned that if ether acts in some obscure way upon metabolism 
to induce “acidosis”? (the opinion now widely held), then the 
more ether administered the greater should be the so called 
acidosis and the lower the CO.-combining power. As ether in 
low concentrations excites and in high concentrations depresses 
respiration, it was easy to frame a crucial experiment. ‘Thus in 
Iixperiments 6 and 7 an etherization so profound was maintained 
that-respiration was depressed and the CO, content rose instead 
of falling. As the protocols show the CO, capacity followed up- 


ward, rising from 50 to 61 in one case, and from 47 to 60 in the 
other. 
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Experiment 6.—Dog, male, 9 kilos. Profound etherization and de- 
pressed respiration. Equilibrating air 5.5 per cent CO». 


Blood COsz. 
Time. Condition. Respirations per min. |————- 
Con- | Capac- 
tent. ity. 
‘vol. l. 
de pica Neen 
3.30 | Normal. 16 52 50 
3.45| Ether started, pushed rapidly. 
4.15 11 60 54 
4.30; Shallow respirations. Blood dark. 16 57 06 
4.45 a a S - 22 57 55 
a 3 a “ CPA tel tical Fe 60 | 61 
5.20| Breathing stopped. Dog dead. 


Experiment 7.—Dog, male, 7 kilos. Similar to Experiment 6. Equili- 
brating air 5.6 per cent CO». 


Blood COs. 

Time. Condition. Respirations per min. 

Con- | Capac- 

tent. 1ty. 
VER an Hoe 
6.10 | Normal. 21 47 47 
6.30| Ether started. Administered 

rapidly. 

7.00 | Respirations very shallow. 72, blood dark. | 64 63 
7.05 | Ether lightened. 
7.30 | Shallow respirations. ose ss 59 60 
7.45 “i 4 | | 40s an as 60 


7.50 | Dog in critical condition. Ether stopped. 
7.52 | Three or four more breaths, then breathing stopped, heart beating. 
7.56 | Heart stopped. Dog dead. 


Even Experiments.6 and 7, decisive as they appear in contrast 
to those preceding them, e.g., Nos. 2, 3, 4, and 5, might leave 
open the possibility that the excitement of light ether causes 
a depression of the CO, capacity in some way (e.g., excessive 
adrenal secretion) other than by the blowing off of CO:. Accord-, 
ingly we performed Experiments 8 and 9 in which light etheriza- 
tion was maintained for several hours but loss of COs was pre- 
vented by the fact that the air which the animal breathed was 
enriched by the addition of CO, in the amounts shown in the 
protocols. It will be seen that in both cases the CO: capacity 
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was slightly elevated and that when the experiments were discon- 
tinued, after 53 and 4% hours respectively, the animals were in 
excellent condition. 


Experiment 8.—Dog, male, 9 kilos. Light etherization with CO, in- 
halation. Tracheal cannula connected with closed circuit ether bottle. 
Air containing approximately 7 per cent of CO2 administered through 
ether. Dog at all times was kept under very light ether as determined 
by periods of struggling, vigorous breathing, and full reflexes. Equilibrat- 
ing air 5.45 per cent CO. , 


Blood CO). 

Time. Condition. CO: breathed. sales pee 

Content. Capacity. 
p.m. per cent vol. per cent vol. per cent mm. 
3.30 | Normal. 0 49 51 
4.00 | Under ether. 0 42 49 170 
4.05 | CO, started. (ee: 
4.15 (has 58 50 168 
4.45 pe! 
5.00 as 52 55 150 
5.30 (ees 63 57 150 
6.15 7.6 +939) 50 154 
6.45 7.0 60 57 160 
reals 6.8 56 56 150 
7.45 6.8 53 54 160 


Dog in excellent condition. 


Experiment 9.—Dog, male, 14 kilos, young. Similar to Experiment 8. 
Equilibrating air 5.5 per cent COxz. 


Blood CO2. 

Time. Condition. COz breathed. cnenes 

Content. Capacity. 
p.m. ; per cent vol. per cent vol. per cent mm. 
2.48 | Normal. 0 48 47 
3.15 | Ether started. 
3.42 0 128 
3.45 | COs started. 6.2 
4.45 6.2 63 56 116 
5.45 6.0 68 54. 110 
6.45 ree 71 dl 114 
7.45 6.4 62 56 110 
8.45 (ie 67 +59) 108 


Dog in good condition. Blood a good bright normal color. 
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CONCLUSIONS. 


The disturbance of the CO, capacity of the blood by ether ap- 
pears from these experiments to be wholly dependent on disturb- 
ance of respiration. If the anesthesia is managed so that respi- 
ration is but little increased, the lowering of the CO: capacity 
of the blood is slight. Ether hyperpnea however causes a very 
great reduction. Down to the critical level between 33 and 36 
volumes per cent the process is spontaneously reversible and the 
animal recovers. Below this level it appears to be irreversible, 
and death ensues. 

At present such effects even above the critical level are gener- 
ally interpreted as ‘‘acidosis.”” Our results show them to be of a 
very different origin. It is possible however that below the 
critical level a true acidosis of an asphyxial character sets in. 

Etherization so profound as to depress respiration causes a 
rise of the CO, capacity. 

Light etherization such as is otherwise most effective in low- 
ering the CO, capacity, and most harmful to the subject, loses 
this influence when administered with sufficient CO. to main- 
tain the alveolar CO, at a normal level. | 

From these facts it is clear that under ether the CO, capacity 
of the blood (alkaline reserve) follows and is controlled by the 
CO, content, and that the CO, content is in turn dependent upon 
the alveolar COs, which is determined by the breathing. 

These results afford, we believe, final proof of the essential 
correctness of the views on this topic (acapnia under anesthesia’) 
which have been advocated now for 10 years past in papers from 
this laboratory. 


We desire to acknowledge our debt to Van Slyke and his col- 
laborators‘ for bringing forward the conception of the “alkaline 
reserve,” or as we prefer to call it the CO, capacity of the blood. 
This conception has enabled us to produce proof on a topic 
which after controversy and general rejection was evidently 
passing into oblivion. 

’ Bryant, J., and Henderson, Y., J. Am. Med. Assn., 1915, Ixv, 1 (dis- 
cussion of clinical aspects of problem and references to previous work). 


4-Van Slyke, D. D., Stillman, E., and Cullen, G. E., J. Biol. Chem., 
1917, xxx, 401. 
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RESPIRATORY REGULATION OF THE CO, CAPACITY 
OF THE BLOOD. 


Ill. THE EFFECTS OF EXCESSIVE PULMONARY VENTILATION. 


By YANDELL HENDERSON anv H. W. HAGGARD. 
(From the Physiological Laboratory, Yale Medical School, New Haven.) 


(Received for publication, December 31, 1917.) 


Pain causes excessive breathing: abnormally intense pulmonary 
ventilation. What part does this ventilation play as an inter- 
mediary between pain and its end results; e.g., the characteristic 
alterations of the CO, capacity of the blood, of venous and ar- 
terial pressure, of oxygen consumption, etc.? For an answer to 
this question we need experiments which afford excessive pul- 
monary ventilation but none of the other conditions of pain. In 
man this test may be made experimentally (so far as one dares 
and is physically able) by prolonged voluntary forced breathing.! 
In animals the problem may be attacked by means of excessive 
artificial respiration. In this paper we shall report some experi- 
ments on the latter line of attack. 3 


There seems to be a misapprehension as to what we mean by excessive 
breathing. One observer writes us from a casualty clearing station in 
France as follows: 

‘*As to excessive breathing, we have made careful observations on 
freshly wounded men both in the trenches and in the casualty clearing 
station, and have found that 7t does not occur. A man was brought in a 
few minutes after he had been hit by a small splinter of a bomb which had 
penetrated his wrist. He was suffering intense pain and was breathing, 
each expiration a grunt, twelve times a minute.” 

We have tried breathing in this way ourselves and find that after doing 
so for 40 seconds an apnea of 20 seconds followed. Quantitatively this 
indicates that, at least as we did it, such breathing involves a 50 per cent 
overventilation. The same writer says, ‘‘The severely wounded com- 
monly testify to feeling no pain.”’ This, we think, corresponds with the 


1 Henderson, Y., Am. J. Physiol., 1909-10, xxv, 321; Bull. Johns Hop- 
kins Hosp., 1910, xxi, 236; J. Pharm. and Exp, Therap., in press. 
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fact that, as reported, shock occurs in only a minority of the wounded. 
Furthermore overventilation quickly results in a numbing of sensation,— 
an almost anesthetic condition as regards consciousness, and yet the 
excessive breathing may continue. 


Method. 


In general the methods employed were similar to those in the 
preceding papers of this series. The animals were however given 
an intramuscular injection of chloratone dissolved in alcohol. 
At the outset of each experiment they were also etherized for a 
few minutes. 

The apparatus with which the excessive artificial respiration 
was administered is shown in Fig. 1. It consisted of two rotary 
air blowers belted to a shafting (not shown) so that one forced air 
toward a Y tube tied into the trachea and the other sucked air 
from it. Escape valves were connected with each side to prevent 
the pressures either positive or negative ever exceeding 30 cm. 
water column. By means of a hand lever the Y tube in the 
trachea was opened alternately to pressure and suction. 


EXPERIMENTAL. 


In a control experiment without artificial respiration it was 
found that chloratone itself in the dosage employed has no 
marked effect upon either the CO, content or CO, capacity of the 
blood. It is well known that dogs under chloratone have a low 
arterial pressure. 


Experiment 1.—Control. Dog, male, 19 kilos. Chloratone anesthesia. 
Equilibrating air 5.5 per cent COd. 


Blood CO2. 
Time. Condition. 

Content. Capacity. 
vol. per cent vol. per cent 

10.30 a.m. Normal. 48 49 

10.45. * Chloratone administered, 4.8 
gm. 
14 oD wae 46 48 
1.35 p.m. 47 46 


2.859% 48 46 
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In Experiment 2 the artificial respiration was made as vigorous 
as possible. The instant the lungs were filled or emptied the 
lever was reversed and the alternate phase of respiration induced. 
From the protocol it appears that within 22 minutes the CO: 
content of the blood was reduced from 52 to 22, the CO» capacity 
from 50 to 388, and the arterial pressure from 130 mm. down to 50. 
When the ventilation was stopped it was necessary to administer 
artificial respiration by hand by squeezing the chest occasionally 
in order to prevent death from prolonged apnea. Even so, all 
of the functions measured continued to fall, the CO. capacity to 
28 and arterial pressure to 25, and the animal died 55 minutes 
after the artificial respiration was stopped. In all of these. ex- 
periments a careful autopsy was conducted, air embolism and 
pulmonary hemorrhages being particularly looked for. The find- 
ings in this respect were negative. In this animal the only ab- 
normality found was a mass of roundworms in the right heart. 


Experiment 2.—Dog, male, 8 kilos. Passive overventilation. Equili- 
brating air 5.6 per cent CQ». 


Blood: COs. 
Time. Condition. i Reis, 
Content. | Capacity. 

vee Ee: ay 
10.15 a.m. Normal. 53 ol 
10.30. “ Chloratone, 2 gm. 
P1255 7° Operated. 52 50 130 
11.48 “ Ventilation started. 
TOO Doe 110 
11.55 “ 50 
12:05nen Ventilation stopped. | \ 
12.06 “ i 92 38 : 
12,20 Reflexes hyperactive. , 25 
12.30. 4% 20 28 25 
12/35 9a Reflexes practically absent. 


Respirations 36 per min. 
1.00 p.m. Dead. 


In Experiment 3 the artificial respiration was carried on much 
less vigorously than in the preceding case, but was still mark- 
edly in excess of normal breathing. In the course of an hour and 
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45 minutes the CO, content of the blood was reduced to 28 vol- 
umes per cent, the CO» capacity to 34, and the arterial pressure 
to 70 mm. After termination of the mechanical artificial respi- 
ration it was found necessary for a time to squeeze the chest 
occasionally to prevent death in apnea. 

In the course of half an hour spontaneous respiration of a shal- 
low rapid type returned, but the animal continued to sink and 
died an hour and 40 minutes after the cessation of the period of 
excessive ventilation. | 

In this and in the preceding experiment it was observed that 
at first the reflexes, particularly the knee-jerk, seemed to be actu- 
ally increased in responsiveness, but that after the excessive arti- 
ficial respiration was stopped the reflexes decreased in responsive- 
ness until they had practically disappeared. 


Experiment 3.—Dog, male, 7 kilos. Passive overventilation, similar 
to Experiment 2, but not so active. Equilibrating air 5.6 per cent CO. 


Blood COs. 


‘ rig: Arterial 
Time. Condition. pressure. 


Content. | Capacity. 


p.m. vol. per cent} vol. per cent mm, 


3.00 Normal. 55 56 

3.20 Chloratone, 1.4 gm. 

4.50 54 55 130 
515 Ventilation started. 

5.30 37 4] 130 
6.00 31 37 120 
6.15 Reflexes hyperactive. 

6.30 31 35 95 
7.00 28 34 70 


7.05 Ventilation stopped. Artificial 

respirations 3 min. (manual). 

7.30 Reflexes partially abolished. 
7.30 28 38 50 
8.00 Respirations shallow and rapid, 

44 per minute. 


8.00 50 
8.30 Respirations, 55 per min. 50 
8.35 26 35 48 


8.47 Dog dead. 


Autopsy.—No pulmonary lesions. No air emboli in coronary vessels. 
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Experiment 4 affords evidence that excessive ventilation may 
have profound effects, including circulatory failure, which may 
continue even when the CO, capacity returns to normal,—unless 
perhaps this ‘animal was unusually susceptible to chloratone. 
Death was evidently due to circulatory failure. 


Experiment 4.—Dog, male, 9 kilos. Overventilation. Similar to Experi- 
ment 3. Equilibrating air 5.5 per cent CQ). 


Blood CO:. 
Time. Condition. et | A ptorinl 
Content. | Capacity. Pipes 
vol. vol. 
per cent | per cent ret: 

9.00 a.m. Normal. 47 00 : 
O02. Chloratone, 1.8 gm. 
O20 ax oo) 48 100 
10-504: Ventilation started. 
10.50 “ 29 42 70 
11.200 4 21 37 70 
11.50% 34 | 40 60 
12.20 fa Reflexes hyperactive. 
12,204 33 36 60 
1.45 p.m. Ventilation stopped. 

Tes ae 30 38 60 
OLD as ae 43 a4 58 
2ia0— Oxygen lack. Blood dark. 

Occasional gasps. 

Syl5\ ** Reflexes sluggish. 43 44 50 
S40“ Irregular blood pressure. 50-90 
4.00 “ Great O2 deficiency. 60 54 30 
2A 0,1 Dog dead. 


Autopsy.—Nothing abnormal found. 


From the two preceding experiments it is clear that excessive 
artificial respiration results in a marked decrease in the CO, 
content and CO: capacity of the blood and also in the arterial 
pressure. In the light of the experiments reported in the two 
preceding papers of this series it is altogether likely that these 
results are chiefly due to the excessive ventilation. A possible 
objection may however be made that the violent movements of 
excessive artificial respiration are in part responsible for the effects, 
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particularly upon arterial pressure. Jn order to test this point 
therefore we carried out Experiment 5. The point of the ex- 
periment was to administer quite as vigorous artificial respiration 
as in the previous experiments, but with air containing such a 
percentage of CO. as would prevent any reduction in the CO, 
content of the blood. 

For this purpose the apparatus shown in Fig. 1 was used with 


rC 


Fig. 2: 


the addition of that shown in Fig. 2. The latter consisted of a 
glass jar of 12 liters capacity in which a rubber bag (B) was sus- 
pended on the end of a tube (A) which was fastened to the Y 
tube of the apparatus of Fig. 1. Tube C was attached to the 
animal’s trachea. Oxygen was passed into the jar as needed, and 
gas samples were taken, through tube D, while a small escape 
valve (E, at the right of the figure) allowed a little fresh air to 
enter and leave the jar at each reversal of the air current. 
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Experiment 5.—Control experiment. Dog, male, 9 kilos. Excessive 
artificial respiration with air containing CO,. Equilibrating air 5.5 per 
cent CO». 


Blood COs. 
Time. Condition. hind see 
Content. | Capacity. 
p.m. vol. per cent) vol. per cent mm. 
2.10 Normal. 47 49 
2.30 Chloratone, 1.8 gm. 
3.00 Ether. Operated. 
IM | ‘< stopped. 43 46 
3.40 110 
3.45 Ventilation started. 
3.50 138 
4.15 56 a2 
4.40 | Contents of rebreathing chamber 
7.9 per cent COs. 
4.45 58 53 
4.45 142 
5.10 | Contents of rebreathing chamber 
6.7 per cent COs. 
DAD 56 54 126 
5:22 Ventilation stopped. 
5.45 Respirations, 32 per min. } 118 
5.55 38 44 90 
6.15 Respirations, 37 per min. 75 
6.30 - va oe 80 


Reflexes normal, animal in good condition. Killed. 


From this experiment it appears that the movements of exces- 
sive artificial respiration so far from causing a fall of arterial 
pressure in themselves tend to cause (or at least are compatible 
with) a rise, due either to the pumping action upon the thoracic 
and abdominal blood vessels or to the effects of high CO,. The 
rather low arterial pressure after termination of the period of 
excessive ventilation may fairly be assigned to the chloratone. 


CONCLUSIONS. 


Excessive pulmonary ventilation by means of artificial respira- 
tion induces not only a lowering of the CO. content but also of the 
CO. capacity of the blood. Arterial pressure also falls and death 
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from circulatory failure may follow’. If the artificial respiration, 
instead of being made with fresh air, is carried on by continual 
reinjection mainly of expired air, so that the CO, content of the 
blood is not reduced, the CO, capacity and arterial pressure do 
not fall and the other ill effects also fail to appear. 


2Ewald, A., Arch. ges. Physiol., 1873, vii, 580. Henderson, Am. J. 
Physiol., 1908, xxi, 126. 


RESPIRATORY REGULATION OF THE CO, CAPACITY 
OF THE BLOOD. 


IV. THE SEQUENCE OF TRAUMA, EXCESSIVE BREATHING, 
REDUCED CO, CAPACITY, AND SHOCK. 


By YANDELL HENDERSON anp H. W. HAGGARD. 


(From the Physiological Laboratory, Yale Medical School, New Haven.) 
(Received for publication, December 31, 1917.) 


The term ‘“‘shock”’ has come to be applied not only to the most 
diverse sorts of functional depression following trauma, but also 
to nearly any experimental method (no matter how artificial) for 
causing circulatory failure. : 

The common procedure for the production of shock experi- 
mentally in dogs is to expose and manipulate the abdominal 
viscera under morphine anesthesia. The bearing of such radical 
experiments on shock in man can be accepted only with 
considerable reserve. This is important in considering experi- 
mental work on shock because of the fact that, as Mann! has 
pointed out, with the exception of certain experiments perforn ed 
some years ago in this laboratory, the procedure of exposure and 
manipulation of the abdominal viscera has been almost the sole 
method by which ‘‘shock”’ has been induced experimentally. 

In some experiments, of which a preliminary notice was pub- 
lished some months ago by Prince and ourselves,” it was found 
that after irritation of the abdominal viscera a marked reduction 
of the CO, capacity of the blood occurred. In these experiments 
we intentionally induced excessive (natural) breathing. 

Recently Cannon* has reported that in wounded soldiers in 
shock the ‘‘alkaline reserve”? or CO. capacity of the blood is 


1 Mann, F. C., Bull. Johns Hopkins Hosp., 1914, xxv, 205. 

2 Henderson, Y., Prince, A. L., and Haggard, H. W., J. Am. Med. Assn., 
1917, lxix, 965. 

’ Cannon, W. B., Reports to Committee on Physiology, National Re- 
search Council, Am. J. Physiol., in press. 
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much reduced, that a further reduction is induced by anesthesia 
and operation, and that administration of alkali intravenously 
is beneficial. 

In view of these facts, particularly Cannon’s observations, it 
seemed to us important to determine whether trauma per se 
apart from excessive pulmonary ventilation and reduction in the 
body’s content of CO, would cause a reduction in the CO, capacity 
of the blood. As Protocols 1 and 2 show, the answer is clearly in 
the negative. In general the analytical methods employed were 
similar to those used in the previous papers of this series. 


Experiment 1. —Dog, female, 9 kilos. General intestinal trauma. The 
animal breathed air containing a sufficient percentage of CO: to Drewes 
loss due to hyperpnea. 


ae) Blood CO:. : 
Time. Condition. ore gente 
: O¢$ Con- Ca- | sure. 
SO tent. | pacity. 
‘ p.m. per cent Bi ay ane si deals 
3.20 | Normal. 48 49 
3.30 | Morphine, 0.18 gm. 
4.30 57 54 122 
5.00 | CO, started. 7.3 130 
5.10 | Intestinal trauma started. tee 
5.40 | Intestines very congested. 54 51 100 
6.10 “ engorged. 54 51 
6.13 | Accidental hemorrhage of about 100 cc. 
6.40 | Manipulation stopped. (6h e8b2, 50 78 


7.10 | Heart stopped. Respiration continued for a minute or two. 


Death in this case was probably due to the large amount of 
blood which stagnated in the traumatized viscera and to loss of 
heat. Such a death may be assigned to shock, but it is a shock of 
a different type from that induced by less trauma when the CO2. 
of the body is greatly reduced. 

In the following experiments we have employed a method of 
inducing shock which avoids the objections above pointed out to 
general visceral trauma. An incision under morphine anesthesia 
was made in the midline of the abdomen over the stomach barely 
large enough to admit the hand. The hand carefully wrapped 
with cotton was then introduced up to the wrist, and the space 
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around the wrist was packed with cotton to prevent loss of heat 
or the escape of a loop of intestine. The clenched hand was 
moved rapidly 50 or 60 times a minute so as to bring the knuckles 
with a downward and forward motion upon the duodenal end of 
the stomach. The result was vigorous respiration on the part of 
the subject. Several times there was vomiting. The animal 
was kept upon a’ warm plate and there was no fall of rectal 
temperature. Any consciousness of pain was prevented by the 
morphine administered. 

In Experiment 2 trauma and excessive breathing were pro- 
duced in this way. The animal was, however, made to breathe 


Experiment 2.—Dog, male, 12 kilos. Gastric manipulation, while the 
animal breathed CO, and later without CO2. Equilibrating air 5.55 per 
-eent COs. 


eo 3 Blood CO». : 
; oe Brak aa Arterial 

Time. Condition. aE E 5 5 Zr ea ee es zo saee 

(ahi t=: He) tent. | pacity. 
p.m. per cent ea, ihr, mm, 
1.45 | Normal. 26 48 50 
2.00 | Morphine, 0.24 gm. 
215 16 108 
2.45 15 67 60 110 
2.53 | CO. started. 6.8 
3.05 | Abdominal incision. 19 120 
3.15 | Gastric manipulation started. 56 120 
3.30 54 120 
3.45 | Vomited. 43 5.8 | 56 50 130 
4.15 44 7.0 128 
4.45 37 fl 9.09 56 116 
4.53 | Manipulations stopped. : 
5.10 | COz stopped. 
5.15 in 
5.30 7 0 41 ; 49 106 
6.30 9 0 46 47 | 106 
6.45 | Gastric manipulation. 34 108 
7.05 | Manipulation stopped. 34 . 
7.15 9 36 36 70 
7.30 | Dog dead. 44 


air containing a sufficient amount of CO, to prevent loss. 
From the protocol it will be seen that after an hour and 38 minutes 
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under these conditions the CO, content and the CO: capacity of 
the blood were still practically normal, and arterial pressure had 
not suffered any considerable fall. Both the CO, administration 
and the manipulation were then stopped for 2 hours. No very 
marked change followed. Then the manipulation was repeated 
but without inhalation of CO.. In 20 minutes the CO: content 
and capacity had fallen to the critical level and arterial pressure 
was undergoing a decline which ended 25 minutes later in death. 

In Experiment 3 the manipulation of the stomach was car- 
ried out in the manner above described for 1 hour. The animal 
did not breathe CO.. 23 minutes after the termination of this 
treatment death followed. 


Experiment 2.—Dog, female, 9 kilos. Manipulation of stomach. Equi- 
librating air 5.4 per cent COs. 


ernie Blood COz. eS: 
Time. Condition. tions hei 
A ee te Content. | Capacity. 
p.m. vol. per centivol. per cent mm. 
2.00 | Normal. 20 48 49 
3.15 | Morphine, 0.19 gm. 10 
3.30 if 61 54 126 
3.45 | Gastric manipulation 
started. 
4.00 50 43 52 94 
4.15 30 49 
4.30 46 28 38 86 
4.45 | Manipulation stopped. 
Reflexes absent. 
5.00 36 oF 32 58 
5.08 | Dog dead. . 40 


In Experiments 4 and 5 the manipulation of the stomach was 
carried out until a distinct condition of shock as judged by CO, 
capacity, absence of reflexes, and low arterial pressure was at- 
tained. The attempt was then made to reverse these conditions 
and to restore the animal by causing it to inhale CO; in the per- 
centages shown in the protocols. In neither case was there any 
distinct improvement, and death followed. Autopsy showed 
little engorgement of the intestines and no hemorrhage, but there 
was a marked dilatation of the stomach. 


Experiment 4.—Dog, male, 73 kilos. Gastric manipulation, followed 
by an attempt to treat low CO, capacity with CO:. Equilibrating air 5.5 
per cent CO». 


Condition. 


Time. 
10.00 a.m. Normal. 
10.05 ‘“ Morphine, 0.15 gm. 
10.45 “ 
15s Gastric manipulation 
started. 
11.00 “ 
LIS. * 
Bike es... 
11.45 “ 
pal eg 
12.257 °° Manipulation stopped. 
Moribund, no_ re- 
flexes. 
12:30) 5% Started CO». 
12.45 ** 
1.00 p.m. 
seg Bs 
ee eT Heart stopped. 


Experiment 5.—Dog, female, 7 kilos. 


librating air 5.5 per cent COs. 


Time. 


Condition. 


Normal. 
Morphine, 0.14 gm. 


Manipulation started. 
Reflexes weak. 
Manipulation stopped. 


CO, started. 


Heart stopped. 


Respira- 
tions 
per min. 


30 


p z 33 Blood Coz. | 3 3 
Pegi esol Gon lca | ES 
es E Ss fet, panty; ase 
A hg ens sd) vs 
22 46 49 
10 58 | 56 | 110 
64 155 
52 134 
58 120 
46 43 | 47 | 115 
54 30 33 7 
39 FORT a as 27 35 
20 Ta 0o|n ok. 26 32 
18 #2651) 3a 29 25 
21 7.6 34 30 30 
Similar to Experiment 4. Equi- - 
Blood CO:. 
CO: in air Arterial 
breathed. ‘ pressure. 
Content. | Capacity. 
per cent oe us t eas mm, 
per cen per cent 
50 49 
59 53 100 
130 
80 

39 42 
40 
34 37 40 

8.0 

9.1- 4] 36 50 
937 40 
10.3 46 38 59 
11.0 46 35 25 
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Evidently beyond the critical point the processes causing low- 
ering of the CO, capacity and other ill effects are not reversible. 
Perhaps at these low levels a true acidosis due to tissue asphyxia 
resulting from failing circulation sets in, as suggested some years 
ago in papers on this general subject from this laboratory.* 

The matter is particularly interesting now in view of the fact 
that Porter® has recently reported beneficial results by causing 
wounded soldiers in shock to breathe CO,. In the light of our 
observations we should expect this treatment to hasten the re- 
covery of those cases whose CO, capacity was still above the 
critical level and who would therefore in all probability have re- 
covered slowly without treatment, but to be only a means of 
temporarily prolonging life in cases in which the CO, capacity 
had already sunk below, the critical level. 


In this connection we may mention the fact that some years ago one of 
us had an opportunity to observe and treat in this way a case of shock. 
The case was that of a boy who had been run over by a railroad train. 
One of his feet had been cut off and the other badly mangled. Apparently 
there had been no considerable hemorrhage. Apparently also there was, in 
accord with our correspondent quoted in Paper III, at no time agonizing 
pain. Nevertheless, even when he first came under observation within 
an hour after the accident the character of the breathing was such as to 
indicate a distinct tendency toward apnea. In the course of the next 
few hours during the night there was Cheyne-Stokes breathing. Next 
morning he was at the point of death at about 9 o’clock, respiration hav- 
ing reached the stage of asphyxial inspiratory gasps. CO. gas was ad- 
ministered by holding an inverted glass funnel connected with a tank 
of CO; above his nose. Under such inhalation respiration was restored 
to a form strikingly like that of normal sleep. There was.a marked im- 
provement in the color of the skin and lips and in other vital signs. The 
treatment was continued for 8 or 9 hours and certainly prolonged life 
fully to this extent. Nevertheless the circulation gradually failed and 
death followed. | d 


‘Henderson, Y., Am. J. Physiol., 1908, xxi, 126; 1908-09, xxili, 345; 
1909, xxiv, 66; 1909-10, xxv, 310, 385. Henderson, Y., and Scarbrough, 
M. MeR., ibid., 1910, xxvi, 260. Henderson, ibid., 1910-11, xxvii, 152. 

> Porter, W. T., Boston Med. and Surg. J., 1917, elxxvii, 326. 
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CONCLUSIONS. 


In reports from Cannon on his observations upon shock in 
wounded soldiers, emphasis has been placed upon the lowering 
of the alkaline reserve of the blood, upon the fact that under 
anesthesia and operation a further lowering occurs, and that 
intravenous injection of alkaline solution has strikingly beneficial 
effects. 

Our experiments show that apart from overventilation of the 
lungs trauma does not cause a lowering of the CO, capacity (alka- 
line reserve) of the blood, even when by general traumatization 
and cooling of the abdominal viscera and consequent stagna- 
tion of the blood in the injured parts, failure of the circulation and 
death are induced. | 

If, on the other hand, no measures are taken to prevent exces- 
sive pulmonary ventilation, the overbreathing induced even by 
localized manipulation of the stomach, while the rest of the viscera 
are protected, causes lowering of the CO. content and CO, capacity 
of the blood, and also of arterial pressure. If the lowering of the 
CO, capacity is pushed beyond the apparently critical level, be- 
tween 33 and 36 volumes per cent, the disturbance of the vital 
equilibrium results fatally. 

The same duration and degree of localized manipulation admin- 
istered while the subject is inhaling 6 or 7 per cent of CO: does 
not cause any marked lowering of the CO, capacity, arterial 
pressure, or general vitality. 

Below the critical level for the CO, capacity, treatment by the 
administration of 7 to 10 per cent CO, in the air breathed does 
not cause restoration of CO, capacity or arterial pressure. 

These results are in general harmony with the conception of 
acapnia as a factor in shock; long advocated in papers from this 
laboratory. | 

Further investigations are under way on the therapeutic and 
prophylactic sides.° | 


The expenses of the investigations reported in this series of 
papers have been defrayed by the Loomis Medical Research 
Fund. 


6Papers dealing with the effects upon the circulation of excess and 
deficiency of CO, will be published shortly in the Journal of Pharma- 
cology and Experimental Therapeutics. 


A FOAM INHIBITOR IN THE VAN SLYKE AMINO 
NITROGEN METHOD. 


By H. H. MITCHELL anv H. C. ECKSTEIN. 
(From the Department of Animal Husbandry, University of Illinois, Urbana.) 


(Received for publication, January 11, 1918.) 


This laboratory has experienced considerable difficulty recently 
in finding a suitable substance to prevent foaming during the 
determination of aliphatic amino nitrogen in animal and plant 
extracts according to the Van Slyke nitrous acid method. Kahl- 
baum’s secondary caprylic alcohol, recommended by Van Slyke, 
cannot be obtained on the market now, while other preparations 
we have tried have invariably affected the volume of gas not ab- 
sorbable by the alkaline permanganate solution. Thus, 0.2 cc.! 
of the secondary caprylic alcohol obtained from castor oil by re- 
fluxing with NaOH and subsequently distilling and fractionating,’ 
gave 1.00 cc. more of gas not absorbable by alkaline permanga- 
nate in an amino nitrogen determination, than was obtained in 
a duplicate determination in which no alcohol was used. A pre- 
paration of caprylic alcohol obtained from Eimer and Amend 
gave similar results, even when fractionally distilled. We at- 
tempted to overcome this effect by shaking the alcohol with gla- 
cial acetic acid and a 30 per cent solution of NaNO, previous to 
using, and were able in this way to reduce the effect to 0.3 ce. 
of residual gas. If the alcohol, treated in this manner, was run 
in with the reagents and shaken with them during the removal 
of the air from the apparatus, instead of being run in with the 
sample as is customary, the effect could be reduced still further. 
Unfortunately, however, this preliminary treatment of the alco- 
hol seemed to deprive it largely if not entirely of its foam-inhibit- 
ing character and therefore cannot be recommended. These ex- 
periments are interesting in showing that the vitiating effect of 
these caprylic alcohol preparations on the determination occurs 


1 This amount of foam inhibitor is of course excessive in routine work. 
2 Lee, O. I., St. Luke’s Hosp. Med. and Surg. Rep., 1917, iv; abstracted 
in Chem. Abst., 1917, xi, 2808, 3027. 
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as the result of interactions with the reagents in the decomposition 
chamber of the apparatus. 

We have been able to confirm the conclusion of Van Slyke that 
amyl alcohol also increases the gas volumes in amjno nitrogen de- 
terminations, though its effect on the blank is negligible. The 
excess gas due to the amyl alcohol seems to be roughly propor- 
tional to the amount of amino nitrogen in the sample. | 

Lee’s work? on foam inhibitors for the urease method of deter- 
mining urea, in which the solutions are subjected to rapid aera- 
tion for the removal of the ammonia formed, lead him to recom- 
mend a mixture of 70 per cent phenyl ether and 30 per cent amyl 
alcohol. He claims that this mixture is more effective than either 
‘substance alone or than caprylic alcohol. We have tried this 
mixture of Lee’s in the Van Slyke method, only to find that an 
effect was produced on the gas volumes obtained in the course of 
actual determinations, though no effect on the blank could be 
detected. Phenyl ether alone, however, proved to be without 
effect, as the following experiments indicate. 


10 cc. of an asparagine solution produced in two determinations 16.70 
and 16.80 ec. of gas. With 0.2 cc. of phenyl ether and 10 cc. of this solu- 
tion, two other determinations under the same conditions of temperature 
and pressure gave 16.69 and 16.72 cc. of gas. Two other determinations in 
which the phenyl ether was replaced by Lee’s foam-inhibiting mixture gave 
17.18 and 17.19 ce. of gas. Evidently this effect is produced by the amyl 
alcohol. . 

In another experiment a solution of Kahlbaum’s leucine was used. 10 
ec. portions of this solution gave 9.70 and 9.73 ce. of gas in two determina- 
tions in which no foam inhibitor was used. With0.2 cc. of phenyl ether, 
two more determinations under the same conditions gave 9.75 and 9.73 
cc. of gas. 


Phenyl ether thus appears to have no effect on the volume of 
gas produced in a Van Slyke determination, even when present 
in excess. Furthermore, according to our experience it is a very 
effective foam inhibitor, more effective than either amyl or second- 
ary caprylic alcohol. Certain solutions that have foamed ex- 
cessively with amyl alcohol added in amounts as large as 0.5 cc., 
during a Van Slyke determination, can now be analyzed with the 
addition of only two drops of phenyl ether, with very little if 
any foaming, even when the apparatus is shaken over 300 times 
per minute. ; 
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Besides being an effective foam inhibitor with no detrimental 
effects, phenyl ether may be recommended for this purpose be- 
cause it can be readily synthesized at comparatively low cost. 
We have used the method of Ullmann and Sponagel? with satis- 
factory results. 


A convenient procedure is as follows: Into a1.5 liter round-bottomed flask 
are weighed 560 gm. of bromobenzene, 420 gm. of phenol, 221 gm. of KOH, 
and 3.5 gm. of copper-bronze. This mixture is heated on an oil bath at 210 
—230°C. for about 2.5 hours under a reflux condenser. We have used as 
a condenser a 30 inch glass tube of 3 inch bore, topped by a water condenser 
of equallength. Even with this arrangement it is difficult if not impossible 
to prevent some loss of bromobenzene, especially during the early stages 
of heating. The mixture is then distilled with steam. The distillate is 
separated in a separatory funnel and the heavy oil at the bottom fraction- 
ally distilled. The boiling point of phenyl ether is 252.3°C. We have 
taken off fractions from 244-261°C. for use. 

The yield may be increased greatly, at least if the steam distillation has 
not been carried to completion,‘ by extracting the residue from the steam 
' distillation, in small portions, with ether, three washings for each portion 
being sufficient. The ether extracts are then distilled. A careful and re- 
peated fractionation of the oil from the steam distillation and of the mate- 
rial extracted by ether from the residue is advantageous. After several 
fractionations it will be found that most of the material falls into two frac- 
tions; namely, from 150-168°, and from 244-261°C., the former fraction 
being bromobenzene and the latter phenyl ether. From the quantities of 
chemicals given above, we have obtained 287 gm. of phenyl ether, repre- 
senting a yield of 47.5 per cent of the theoretical, figured on the basis of 
560 gm. of bromobegnzene, or of 73 per cent when from the amount of bromo- 
benzene taken that recovered in the final fractional distillation (200 gm., 
boiling from 150-168°) is deducted. The relatively large amount of bromo- 
benzene thus recovered would suggest that the time of refluxing at 210- 
230° could be lengthened considerably to advantage. 


Phenyl ether melts at 28°C., but when in the liquid state it 
may be supercooled considerably without solidifying. We have 
observed no solidification of our product at temperatures above 
BOG. 


® Ullmann, F., and Sponagel, P., Ber. chem. Ges., 1905, xxxviii, 2211. 

4 Complete steam distillation of the above mixture would consume too 
much time. We continued the process for about 4 hours, at which time the 
condensed water was still somewhat cloudy. Our experience suggests that 
the steam distillation may well be omitted and the product recovered from 
the mixture after refluxing, by ether extraction entirely. 


STUDIES OF THE BLOOD FAT AND LIPOIDS OF THE 
DOG BEFORE AND AFTER THE PRODUCTION 
OF EXPERIMENTAL ANEMIA. 


By HARRY DUBIN. 


(From the John Herr Musser Department of Research Medicine, University 
of Pennsylvania, Philadelphia.) 


, 


(Received for publication, January 5, 1918.) 


By the use of the nephelometric and colorimetric methods of 
Bloor,! blood fats have been estimated in one dog and the zesu! - 
show that in trypanosome anemia, the total fats are increascu 
while the lecithin and cholesterol are decreased. These results 
are in accord with the findings of Bloor? in pernicious anemia 
associated with carcinoma of the stomach. 


Fats and Lipoids of Dog’s Blood before and after Infection with Trypanosoma 


equiperdum. 
Total fat. Lecithin. Cholesterol. 
Period. Date. ri . Bc 3 -s * Remarks. 

22 g oe g ES g 
o,f n og n Og a 
ae 8 2.0 x Rafe) 3 
= Ay = A, = Ay 

1917 gm.* | gm gm qm gm gm 

Normal. Apr. 26 | 0.55} 0.56) 0.43) 0.40) 0.25) 0.30} Apr. 24, hemoglo- 


bin, 99. 


May 2 | 0.53} 0.57) 0.37) 0.35} 0.22) 0.27) Infected May 4. 


Anemic. May 16 | 0.68] 0.69) 0.38) 0.30} 0.22} 0.19) May 18, hemo- 
globin, 56. 

1S) 0.200275) 029) 02277 0: 201, 0-28 
ee 22 Used era) O. od) O-20h0) 4 Onl 2 


* All figures represent gm. per 100 ce. of blood. 


1 Bloor, W. R., Studies on blood fat. II. Fat absorption and the blood 
lipoids, J. Biol. Chem., 1915, xxiii, 317; The determination of cholesterol in 
blood, 1916, xxiv, 227; Fat assimilation, xxiv, 447. 

2 Bloor, The distribution of the lipoids (‘‘fat’’) in human blood, J. 
Biol. Chem., 1916, xxv. 577. : 
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ANIMAL CALORIMETRY. 


THE INFLUENCE OF MECHANICAL WORK UPON PROTEIN 
ODIs DURING THE HEIGHT OF MEAT 
DIGESTION IN THE DOG. 


FOURTEENTH PAPER. 


By H. V. ATKINSON. 


(From the Physiological Laboratory, Cornell University Medical College, 
New York City.) 


(Received for publication, January 16, 1918.) 


In the last paper of this series! the heat production of a dog 
was measured, while he was running, during the 4th and 5th 
hours after the ingestion of 750 gm. of meat. As the dog would 
not retain urine during a period of exercise, it was necessary to 
assume, in making the calculations of the metabolism of the 
period, that the protein metabolism was the same as that which 
obtained in the same dog at rest after giving the same quantity 
of meat. However, this assumption might have been false 
because, on the one hand, the largely increased general blood 
flow might have furnished the gut with a notably increased 
volume of blood, thereby accelerating the absorption of amino- 
acids, or, on the other hand, one might conceive that the demands 
of the working muscles for blood might so decrease the supply 
of blood available for the intestines that a marked retardation in 
the absorption process might have ensued. 

A fox-terrier female weighing about 10.5 kilos was found to be 
willing to eat at most 600 gm. of meat daily at one meal, and 
upon this quantity the animal was maintained throughout the 
experiment. As it was found that the animal would not hold 
urine while running on the treadmill for a period of 1 hour, the 
period of active exercise was reduced to half an hour, though the 
urine was collected for the whole hour. 

A preliminary series of experiments showed that the maximal 
quantity of urinary nitrogen was eliminated during the 5th hour 
after administering meat, as appears in the following table. 

1 Anderson, R. J., and Lusk, G., Animal calorimetry, XIII, J. Biol. 
Cie. 191 tf XXxil, 421. 
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TABLE I. 


The Hourly Elimination of Nitrogen during the 4th, 5th, and 6th Hours 
after Administering 600 Gm. of Meat to a Resting Dog. 


N in urine per hr. 


Date. eS 

4th hr. 5th hr. 6th hr. 

gm. gm. gm. 
Octe Al Ols 1c koe ee 1.00 1.08 1.05 
SON eA RMT ERE 5 inl 1.01 1.04 1.06 
Jie RA 6 Manabe are a) tae Yn TSG 2, 1.06 at Lene 
Laos AR eI EAE ane ies SO Soe ees As 1.01 Rak} js este 
PIECE OG SET Ie alee eames eee 1.07 1.05 1.08 
arin DLO 1S saa), oe eet nee aa 1.05 1.07 1.09 
AVEPAGC Joaie votes tte Seen 1.04 1.08 1.07 


a 


.. The dog was then caused to run on the treadmill for 30 minutes 
in four experiments during the beginning of the 5th hour, and 
then in two later experiments during the end of the 5th hour. 
The following results were obtained. 


TABLE II. 


The Influence of a Run of Half an Hour during the 5th Hour after the 
Administration of 600 Gm. of Meat upon the Nitrogen Elimination 
of That Hour Contrasted with That of the Previous and 
Subsequent Hours When No Work Was Done. 


N in urine per hr. 
Date. ; 

4th hr. 5th hr. 6th hr. 

gm. gm. gm. 

OC ten 2th 1 (rere shes an a eared oe 1.07 1.09* _ 
NOV 23) 2 tee ee ae eee 1E02 1.08t 1.06 
aM we ty Pes ie eee Ge ke ot 1.09 1127 TT} 
RE eer be eee he eel eT ef 1.05 1.057 1.04 
Dee. 31> Shae ee eee ee 1.06 1.07} 1.08 
dan. 3; 191Sse0 45o.aee ee eee 1.04 Lt O88 LAG 
Averages. 2. Ji. A gu aoe ee 1.05 1.07 1.07 

* Distance traveled, 2,090 meters = 1.30 miles. 


+ Distance traveled, 2,125 meters = 1.32 miles. 


. It is clear, on comparison of Tables I and II, that mechanical 
work has no influence on the hourly rate of absorption of protein 
or on the intensity of the hourly metabolism of protein in a dog 
which has been given meat in large quantity. 


NOTES ON THE DIRECT DETERMINATION OF UREA 
AND AMMONIA IN PLACENTA TISSUE. E 


By FREDERICK S. HAMMETT. 
(From the Department of Anatomy of Harvard Medical School, Boston.) 


(Received for publication, January 14, 1918.) 


INTRODUCTION. 


Certain questions as to method of analysis have come up dur- 
ing the course of some work on a study of the urea content of 
placenta tissue. From the point of view of routine work the 
method of Sumner (1) comes nearest to the analytical ideal of 
combined accuracy, speed, and minimum of manipulation. In- 
asmuch as the results herein reported have been obtained by 
following his procedure no recapitulation is necessary, any altera- 
tions being considered in detail in the text. 


Urease. 


The application of the urea-splitting enzyme of the soy bean, discov- 
ered by Tacheuchi (2) and intensively studied by Van Slyke and Cullen 
(3, 4), to the determination of urea in blood and tissues was first made by 
Marshall (5). I have used, however, an extract, prepared in Folin’s lab- 
oratory, of the jack bean whose urease content was recorded by Mateer 
and Marshall (6, 7). This extract has proved satisfactory in every way. 


Potassium Carbonate. 


Fiske (8) and Van Slyke and Cullen (3) advocate the use of highly con- 
centrated solutions of potassium carbonate for the liberation of ammonia. 
It is more advantageous, however, with placenta tissue to use the solid 
salt, inasmuch as the volume of the contents of the test-tube is already 
large due to the water used in rinsing down and suspending the pulped 
tissue. Considerable variations in the quantity employed are recorded 
in the literature ranging from 5 (1) to 12 (9) gm. of solid carbonate. Van 
Slyke and Cullen (3) determined that the use of less than 1 gm. of ear- 
bonate for each 2 cc. of solution necessitates a longer aeration. 


I have found that 5 gm. of solid carbonate is amply sufficient 
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to cause complete liberation of the ammonia from as much as 
20 cc. of solution when aerated vigorously for 30 minutes. In 
view of the increasing difficulty in obtaining potassium salts as 
well as their increasing cost and the necessity for conservation, 
minimal amounts consistent with adequate action are indicated. 
Table I shows the results of a series of comparative tests when 
using 5 and 10 gm. of solid carbonate, other conditions being equal. 

In view of the fact that large variations in the amounts of NH; 
in the tissue suspensions might cause appreciable variations in 
the efficiency of the amounts of carbonate used, advantage was 


TABLE I. 


Relative Quantity of NH; Liberated from Placenta Tissue Suspensions in 15 
Ce. of Solution When Using 5 and 10 Gm. of K2CO3 and Strong 
Aeration for 30 Minutes. 


NHsz in 100 gm. of placenta tissue. 


5 gm. KeCOs. 10 gm. K2COs. 
me mg. 
22.8 23.0 
16.3 15.8 
13.9 14.4 
12.3 11.9 
11.4 11.6 

fe 7.6 
4.9 4.8 
4.8 4.6 
4.7 4.7 


taken of the NH;-forming ability of urease to produce in some of 
the suspensions higher NH; values. Accordingly, some of the 
figures represent not only the ammonia as such of the tissue, 
but also the ammonia liberated from the urea. 

It is quite plain that 5 gm. of potassium carbonate is a sufficient 
quantity for general use. | 


Time and Vigor in Aeration. 


If two samples of the same tissue differing in weight are aerated 
slowly for 2 minutes and then vigorously at the rate of 5 liters a 
minute for the remainder of 30 minutes, the amount of ammonia 
blown over is proportional to the amount of tissue taken for 
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analysis. This lends additional support to the contention of 
Van Slyke and Cullen (8) that longer periods of aeration as ad- 
vanced by Fiske (8) and others are unnecessary. Table II gives 
a few of the results demonstrating this point. 

Repeated tests have been unable to demonstrate the carrying 
over into the receiving flask of any alkaline spray from the 
aerated mixture mentioned by Sumner (1) as a reason for dimin- 
ished vigor in aeration. A comparison of the traps used by Sum- 
ner and those of this laboratory shows a markedly higher effi- 

TABLE II. 


NH; Recovered from Varying Amounts of Placenta Tissue When Uniformly 
Aerated for 30 Minutes. 


100 Gm. of tissue. 
Specimen No. | Weight of tissue. 


0.01 n NHs 0.01N HC] NH; 

gm. ce. COs mg. 

10 9.95 8.60 10 Zee 
ee 8.97 10 2.4 

46 6.65 8.40 10 Ae] 
5.12 8.76 10 4.] 

29 7.29 6.00 10 9.3 
5.97 6.71 10 9.4 

46 a iako 5.80, 20 33.8 
4.45 Ler 20 33.9 


ciency in this respect for the latter. Foaming is easily prevented 
in the aerated mixture by the addition of 1 cc. of a solution con- 
taining equal parts of amyl alcohol, toluene, and ethyl alcohol. 
The use of long-necked 100 cc. flasks prevents loss by spattering, 
and the foaming in these containers is reduced to a minimum by 
the addition of a few drops of the above mixture from time to time. 


Factors Influencing the Ammonia Fraction in the Urea 
Determination. 


The quantity of urea in any given sample is usually determined . 
by the difference between the ammonia already present and the 
total ammonia blown over after the action of urease. Having 
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standardized conditions of aeration, enzyme action, and quantity 
of carbonate used, the changes in the ammonia content of the 
tissue during standing while undergoing fermentation introduce 
a considerable error. 


Folin and Denis (10) early pointed out that the ammonia content of 
drawn blood increased if the sample was allowed to stand. Although 
Mateer and Marshall (6) have definitely directed that in the determina- 
tion of urea by the urease method ammonia determinations need to be 
made simultaneously and similarly, only excluding the urease prepara- 
tion, various published reports have failed to mention or consider am- 
monia determinations; Slemons and Morriss (11) have even gone so far 
as to state that such analyses yield insignificant results. 


TABLE III. 


Increase in the Quantity of NH; Recoverable from Placenta Tissue after 
Standing Half an Hour. 


NHs3 in 100 gm. of tissue. 


Immediate. After 3 hr. 


mg. mg. 


&> 
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In order to determine whether or not there was any marked 
difference between the ammonia obtained by immediate aeration 
and that given off from the placenta tissue after it had stood for 
1 hour in suspension in the test-tube, a series of tests was made, 
the results of which are found in Table III. 

It is evident that increases in the ammonia content of the tissues 
ranging from 14 to 85 per cent may occur, which alone indicates 
the necessity of allowing the tissue from which the ammonia 
values are to be determined, as a basis of the analysis for urea, 
to stand under similar conditions as do those samples in which 
the urea is undergoing splitting by the urease. 

The results reported in this work are based on parallel deter- 
minations and have an average variation. of 2 per cent. 
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SUMMARY. 


1. In the determination of ammonia or urea in placenta tissue 
the use of solid potassium carbonate offers opportunity to main- 
tain a minimum volume of the aerated mixture. 

2. 5 gm. of the solid potassium carbonate are sufficiently effec- 
tive in liberating the ammonia present in amounts of tissue rang- 
ing from 4 to 10 gm. and suspended in 10 to 15 ce. of water. 

3. 2 minutes of mild aeration followed by 28 of vigorous pas- 
sage of air completely drives over all the ammonia present in the 
amounts of tissue ordinarily used for analysis. 

4. The use of a mixture of equal parts of amyl alcohol, toluene, 
and ethyl alcohol prevents foaming in test-tube and flask. 

5. The ammonia content of tissue increases during standing for 
% hour. 

6. In the direct determination of urea in tissues by means of 
the urease method it is imperative that simultaneous analyses 
be made for the ammonia fraction. The tissue samples from 
which the ammonia values are to be obtained must be allowed to 
digest for the same length of time and under the same conditions © 
as do those specimens from which the urea is determined. 


Through the courtesy of Professor Otto Folin the work re- 
ported in this paper was carried on in the Biochemical Labora- 
tories of the Harvard Medical School. 
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COMPARISON OF THE GLUCOSE AND CHOLESTEROL 
CONTENT OF THE .BLOOD. 


By F. H. McCRUDDEN anp C. 8. SARGENT. 
(From the Robert B. Brigham Hospital, Boston.) 


(Received for publication, January 4, 1918.) 


The association of hyperglycemia and hypercholesterolemia in 
diabetes! ? and of hypoglycemia and hypocholesterolemia in pro- 
gressive muscular dystrophy,’:* pointing to some kind of phys- 
iological relationship between glucose and cholesterol, suggested 
that there might be a parallelism between the amounts of the two 
substances in the blood. But this op peat not to be the case 
(Table I and Chart 1). 


Glucose was determined by the method of Lewis and Benedict,*> and 
cholesterol by the method of Autenrieth and Funk.’ Analyses were made 
in duplicate or triplicate. 


1 Bloor, W., The lipoids (‘‘fat’’) of the blood in diabetes, J. Biol. Chem.., 
1916, xxvi, 417. 

2 Joslin, KE. P., Bloor, W. R., and Gray, H., The blood lipoids in diabetes, 
J. Am. Med: Assn., 1917, |xix, 375. 

3 McCrudden, F. H., and Sargent, C. 8., Hypoglycemia and progres- 
sive muscular dystrophy, Arch. Int. Med., 1916, xvii, 465. 

4 McCrudden and Sargent, Chemical changes in the blood and urine in 
progressive muscular dystrophy, progressive muscular atrophy, and 
myasthenia gravis, Arch. Int. Med., 1918, xxi, 252. a 

5 Lewis and Benedict’s method (J. Biol. Chem., 1915, xx, 61) as modi- 
fied by Myers and Fine (Myers, V. C., and Fine, M.S., Chemical Compo- 
sition of the Blood in Health and Disease, New York, 1915.) 

6 Authenrieth, W., and Funk, A., Ueber kolorimetrische Bestimmungs- 
methoden: die Bestimmung des Gesamtcholesterins im Blute und in 
Organen, Miinch. med. Woch., 1913, lx, 1248. 
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THE ANALYSIS OF MILK SECRETED BY A SUCKLING 
DOE KID. 


BYiit. 1, Eee 


(From the Department of Biochemistry of the Maryland Agricultural Experi- 
ment Station, College Park.) 


(Received for publication, January 18, 1918.) 


The literature written on the secretion of colostrum contains 
various theories advanced to account for the appearance of colos- 
trum instead of normal milk immediately following parturition. 
Some authorities believe that imperfect functional activity of 
the mammary glands at this time is responsible for the secretion 
of a fluid so different in composition and consistency from nor- 
mal milk. Still others are of the opinion that the newly born 
require a food of the nature of colostrum for the first few feed- 
ings before they receive milk; that the colostrum was provided 
by nature to compensate for this need. 

In the newly born there is sometimes a secretion from the 
mammary glands known as ‘‘witches milk.” This fluid has a 
qualitative resemblance to milk but differs widely quantitatively 
from normal milk. It is often secreted at birth but disappears 
soon afterward. ‘There have been instances in which young ani- 
mals have been reported as secreting milk usually as a result of 
mechanical manipulation of the udder or by being suckled. 
Whether the first milk so secreted was normal milk, colostrum, 
or of the nature of ‘“‘witches milk’”’ is not, to my knowledge, 
recorded. 3 | 

On May 2, 1917, a one-half breed Saanen milk goat at this 
Station was delivered of twin doe kids. One kid was sold when 
about 3 months old. The other kid appeared perfectly normal 
but was observed to have an exceptionally well developed udder 
when about only 2 months old. Its udder was not manipulated, 
suckled, or treated in any way to stimulate its development. 
When 4 months and 4 days old, on September 6, 1917, its udder 
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had the appearance of containing milk. Upon examination it 
was found to contain milk, which was withdrawn and analyzed. 
A yield of 120 cc. was obtained and proved to be perfectly nor- 
mal milk, as is shown in the table. Since this secretion was of a 
spontaneous nature and had not been initiated by any applied 
stimulus it was decided to remove the milk at intervals several 
days apart in order to avoid any mechanical stimulation due to 
repeated milkings. From the following table the normal char- 
acter of all the milk secreted can be clearly seen. 


Chemical Analyses of Milk from a Virgin Kid, 


Date. Fat. |Protein.|° Ash. ANE Sugar. |Milk. Remarks. 
1917 ee per cent|per cent|per cent|per cent} cc. 
Sept 6. a 4.20| 3.60 | 0.84 | 13.32] 4.68 | 110] Kid, 4 mos., 4 days 
old. 
Ste PL. Oteee eaten 4.40; 3.58 | 0.82 | 13.44) 4.61 90 
“€ 22, 28, 24.) 4.32) 3.53 | 0.84 | 18.22) 4.53 | — | Composite. 
piesa?! caves) 4.78} 3.36 | 0.81 | 13.52) 4.57 | 90 
OC Sar BAe ae 4.521 3.32 | 0:75,| 138.56) 4.97 |' 110 
Re See ee 5.60} 3.43 | 0.80 | 14.20) 4.37 75 
Shey (Pk OBRR AI See 5.41) 3.51 — — — | 1380 
me 4! Boe ated 4.82) — — — — 185 
NOY srk Lowes ciate fb =e — — | 240 
us Fee) Bags) oem —— |e mr — — .| 295 
SE as Lal Ss. | a coe = — | 175 
GC l a see eee — | — — — — | 100 
Bag anh leak oe ae 4.17; 3.94 | 0.78 | 13.09) 4.20 | 175 
eS 7toce sal 4.70| 4.08 | 0.80 | 13.87] 4.29 | 125 


The physical character of the milk is- practically the same as 
normal goat’s milk. The curd obtained by the use of rennin or 
pepsin is, however, much finer and softer than that obtained from 
any other of the goat’s milk examined. ‘The milk was substituted 
in the diet of an 11 months’ old baby for normal goat’s milk with- 
out any detectable difference either in the appetite or physical 
condition of the baby. The milk cannot be distinguished by odor 
or flavor from any other sample of goat’s milk. It has a very low 
bacterial content and keeps for an exceptionally long period. The 
relative percentage of casein and albumin is practically identical 
with normal goat’s milk. The work is being continued, and any 
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changes in the composition or character of the milk will be noted 
as they appear. 


SUMMARY AND CONCLUSIONS. 


A 4 months’ old virgin doe kid spontaneously commenced to 
secrete milk having all the characteristics, properties, and chemi- 
cal composition of the milk secreted by its mother and other goats 
under observation. At no time, from the earliest secretion of 
milk to the present time, has there been any colostrum secreted. 
This would indicate that the secretion of colostrum is associated 
with and possibly is produced by the cessation of pregnancy and 
may not occur in lactation not associated with pregnancy. 
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THE CATALASE CONTENT OF ASCARIS SUUM,* WITH A 
SUGGESTION AS TO ITS ROLE IN PROTECTING 
PARASITES AGAINST THE DIGESTIVE 
ENZYMES OF THEIR HOSTS. 


By THOMAS BYRD MAGATH. 


(From the Department of Anatomy, College of Medicine, University of Illinois, 
Chicago.) 


(Received for publication, January 8, 1918.) 


Many explanations have been offered as to why gastric and intestinal 
parasites are not digested by their hosts. A brief survey and discussion 
of many theories can be found in text-books on physiology, for this ques- 
tion resolves itself into the time-worn query, Why is living tissue not 
digested? The theory which has perhaps gained most attention is that 
anliferments or antienzymes protect living matter, and this theory has 
been used by Weinland (1903) to explain the resistance of intestinal para- 
sites to the destructive influence of digestive enzymes. Upon rubbing up 
Ascaris into a pulp and extracting with alcohol he obtained a substance 
which he termed Antifermente because he claimed that this substance 
protected the proteins from the proteolytic action of pepsin and trypsin. 
On the basis of his own interpretation this theory was open to criticism 
because he had to kill the worms to obtain the substance, and it was argued 
that if the antiferment existed after death it should protect the dead worms 
as well as the living. More recent work on the antienzymes has offered 
very good explanations for these phenomena, but it is not the intention 
to discuss these intricate facts. 

In recent times Burge and Burge (1915, a) have advanced another 
theory which might be termed an ‘“‘oxidation theory,’’ and they have 
used this not only to explain the resistance of intestinal parasites to the 
digestive action of their hosts, but maintain that living cells protect them- 
selves from the destructive enzymes by means of the oxidation processes 
going on in them. It has been shown that the mucosa of the stomach 
and intestines possesses intense oxidative propertiés, and Burge (1914) has 
shown that the digestive enzymes are very easy to oxidize and are then in- 
active. By applying these facts to intestinal parasites he was able to 
demonstrate that living worms are not digested while dead worms are, 
and if the dead ones are permeated with nascent oxygen they withstand 


*Tt is not unlikely that Ascaris swum and Ascaris lumbricoides are 


identical. 
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the attack of the digestive enzymes. It should be noted that he killed 
the worms by electrolysis, a method by which enzymes may be destroyed 
(Burge and Burge, 1915, 6). 

In addition to these interesting facts another group of phenomena 
has accumulated. It has been shown (Burge, 1916) that the catalase 
content of muscles is highest in those in which more work is done, 7.e. 
in which more oxidation is taking place; that during starvation the cata- 
lase content of the fat and muscles, with the exception of the heart, is less 
than normal (Burge and Neill, 1917); that the catalase content of the 
liver, heart, and blood is decreased in phosphorus poisoning and that the 
tissues are autolyzed in the same proportions that they lose catalase 
(Burge, 1917). 


It occurred to the author that if this theory was valid and the 
presence of oxidative processes in the intestinal parasites pro- 
tected them from digestion, then the body walls of these para- 
sites should yield comparatively large amounts of catalase, if the 
amount of catalase in the tissue was an indication of the oxida- 
tive processes. The common Ascarzs, a roundworm, from the 
hog was used in a series of experiments to determine the amount 
and distribution of catalase in the body. 

The method used was one adapted from ordinary gas analysis. 
It seems to have advantages over the one used by Burge (1916) 
in that the gas may be collected under standard conditions, the 
apparatus is easier to handle, is neater, and perhaps more ac- 
curate, although it must be borne in mind that the determination 
is not an absolute one but comparative. The text-figure shows 
the apparatus. The material was washed with a 0.75 per cent 
sodium chloride solution and finely chopped up, weighed in a 
crucible, and introduced into the bottle C in which had been put 
25 ec. of- one-half diluted commercial hydrogen peroxide. The 
pinch-cock E was opened and the bottle stoppered as indicated 
in. the figure, connecting the bottle to the burette, which was 
filled with water. The stop-cock B was then opened and the 
water in the burette D leveled to the zero mark by raising or 
lowering the bulb A. When this was done the pinch-cock was 
closed, the crucible upset in the hydrogen peroxide, and the bottle 
C was shaken for 10 minutes. At the end of that time the stop- 
cock B was closed and the water in the leveling bulb brought to 
the level of the water in the burette and the reading made. ‘This 
was corrected for 760 mm. pressure and 25°C. It is obvious 
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that the amounts of gas determined by this method will be less 
than those made according to the Burge method, and Tables II 
and III indicate this in the case of frog tissue, run at the same 
time on tissue taken froin the same frog, which had been washed 
free from blood by running 0.75 per cent sodium chloride through 
the blood system. It will be seen that the ratio between my 


Fra. 1. 


method and Burge’s is 1: 1.52 in this case. A Schiff’s azotom- 
eter has been used for catalase determinations (Dox, 1910). 

By the method described determinations of the catalase con- 
tent of the whole worm, the body wall, body fluid, and visceral 
organs were made. It should be recalled that the body wall of 
these worms consists of an outer, inert, non-cellular cuticula, a 
thin layer of subcuticula, and inside of this a single layer of 
muscle cells. The visceral organs consist in adult females, which 
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were the only ones used, almost entirely of the reproductive or- 
gans, in which countless numbers of embryos are rapidly being 
formed and hence very rapid oxidation must be taking place. 
From Table I the following facts were obtained: The whole 
worms yield 15 ec. of oxygen per gm., the body wall 13 ec., the 


- TABLE I.* 


Oxygen per Gm. of Ascaris suum. 


Sd (3) 

fs} 
Ascaris suum. ois ees z 
ee 1 Q 3 4 5 6 a 
gm cc cc cc. cc. cc cc cc 
Whole worm........ 1 16 14 17 15 14 16 15 
Bodyiwalli. cies cae 1 10 13 16 13 
Bodsthuide 1 7, 7 7 if 
Visceral organs...... 1 23 26 30 26 
LOG ae te eee 15 


* In all the determinations in the tables 25 cc. of hydrogen peroxide 
were used and the material was shaken in this for 10 minutes. The num- 
ber of cc. of oxygen liberated was then read. 


TABLE II. 


(Author’s Method.) 
Oxygen per Gm. of Rana pipiens. 


“4 Ed Sample. ep 

Rana pipiens. 2 a 5 

=| 5 > 

< 1 2 2 < 

gm cc cc. cc cc 
Leeimuscles scene n te ee ae eee 1 24 22 20 23 
OVATYs Sst: “ho cae Coes See ee 1 130 | 120] 128 | 124 

TABLE III. 
(Burge’s Method.) 
Oxygen per Gm. of Rana pipiens. 

a3 Sample ea 

Rana pipiens. g 2 S 

< 1 2 3 a 

gm Ces cc cc CO's 
Legmuseles).\4.... sa ee. eee 1 43 | . 46 42 43 
188 


OVER eck irda tem eee ps Se 1 190 189 | 185 
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body fluid 7 ce., and the visceral organs 26 cc. The average 
of the last three items run separately yielded the same amount 
as the total worms, thus furnishing a check on the determinations. 
The cuticula, when freed from the other two layers of the body 
wall, does not liberate oxygen from hydrogen peroxide but weighs 
one-fourth the total amount of the wall; hence it will be seen 
that the other two layers involved really yielded 17 cc. of oxygen 
per gm. 

While these amounts are very small as compared with those 
obtained from free living animals it must be remembered that 
these parasites are very sluggish and their activities are greatly 
curtailed by the limited amount of oxygen in their environment. 
However, when these results are compared with the case of the 
frog in Table II, an interesting observation can be made. A 
gram of muscle and subcuticula from the Ascaris yielded about 
five-eighths as much oxygen as did the reproductive organs, while 
in the frog the most active muscles in the body yielded only 
about one-fifth the amount yielded by the ovaries of that animal. 
In other words, the sluggish and inactive muscles of the Ascaris 
have more than three times the amount of catalase in them as 
the most active muscles of a very active vertebrate, when they 
are compared with the reproductive organs of the same animals 
respectively from which they came. At the present time this 
seems to be the most fair way to compare the two cases. It re- 
mains for someone to show quantitatively how much of this 
catalase 1s necessary to carry on the functions of nutrition, mo- 
tion, ete., and finally that the amount left over is sufficient and 
does provide the necessary amount of oxygen to protect the 
’ worm from the enzymes of its host. The work presented in this 
paper, while not final, indicates, to the mind of the author, a 
possible connection between the two statements made by Burge, 
that intestinal worms are protected from enzymic action by ox1- 
dative processes, and that catalase is in some way responsible 
for the oxidative processes in animals other than parasites. It 
is hoped that this contribution will serve as a stimulus for others 
to undertake investigations along this line. 
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CONCLUSIONS. 


1. Catalase may be better determined by the new method 
given in this paper than by the method used by Burge. 

2. There is five-eighths as much catalase in the body wall of 
Ascaris suum as in the visceral organs, and one-fourth as much 
in the body fluid as in the visceral organs. 

3. There is three times more catalase in the body wall of 
Ascaris suum than in the leg muscles of Rana pipiens, if one uses 
the amount of the catalase in the reproductive organs of each 
form as the units of measurement. 

4. On the basis of this last statement it can be assumed that 
there is more than enough catalase in the body wall of this para- 
sitie worm for its metabolic and locomotory functions, and hence 
it is possible that this excess is used to liberate oxygen for pro- 
tecting the parasite against the digestive enzymes of its host, if 
Burge’s theory be true. 
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INTRODUCTION. 


As has been shown in previous researches the fatty acids in 
human blood exist as glycerides, cholesterol esters, soaps, or as 
free acids; they are also represented as a radical of lecithin and 
the phosphatide groups. Their content varies in continued star- 
vation, fat absorption, anesthesia, certain pathological conditions, 
etc., as recently reported and confirmed in a series of papers by 
Bloor.t In normal individuals when care is taken to avoid the 
above conditions the amount of fatty acids in the blood is fairly 
constant. But little, if any attention has been given to the 
quality of the fatty acids, and especially to the proportion of 
saturated to unsaturated fatty acids as well as the degree of 
unsaturation. 

That there is a difference in the quality of the fatty acids of the 
whole human body is shown by the fact that the fats called in- 
terstitial, depot, and organ fats, each absorb iodine in different 
proportions, thus signifying that the unsaturated part of the 
fatty acids varies in the different tissues. Jaeckle? found an iodine 
number of 62 to 73 for human (interstitial) fat, and 70 to 80 
per cent of the fatty acids present as glycerides were oleic acid. 
Hartley’s? analysis of liver fat shows the presence of higher un- 
saturated fatty acids than oleic acid as indicated by the iodine 
number of 165 to 175. . 


1 Bloor, W. R., J. Biol. Chem., 1913-14, xvi, 517; 1914, xix, 1. Bloor, 
W. R., and MacPherson, D. J., tbid., 1917, xxxi, 79. Bloor, ibid., 1917. 
xxx1, 575. 

2 Jaeckle, H., Z. physiol. Chem., 1902, xxxvi, 53. 

3 Hartley, P., J. Phystol., 1909, xxxviil, 353. 
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From the point of view of hemolytic action, we are especially | 
interested in the unsaturated part of the fatty acids, since it has 
been shown by Noguchi‘ and Faust and Tallquist® that the higher 
saturated acids, palmitic and stearic, are not hemolytic either 
as such or as their soaps. On the other hand, the unsaturated 
fatty acids, as oleic acid, have a strong hemolytic action, and it 
has been demonstrated by Faust and Tallquist that this acid is 
_the cause of the anemia in Bothriocephalus latus infection.’ Fur- 
ther, Lamar’ has shown an existing relation between the degree 
of unsaturation and lytic action as he was able to show that the 
sodium soap of linoleic acid dissolved pneumococci more rapidly 
in higher dilutions than sodium oleate. McPhedran,® working 
with red blood cells, was unable to demonstrate any difference 
in the lytic action of linoleic and oleic acids as Lamar had claimed 
in the case of bacteria, and concluded that there was no relation- 
ship between the lytic action and degree of unsaturation. 

In my previous paper,’ I reported that the iodine number of 
fatty acids of the blood in cases of pernicious anemia was not 
exceptionally high; but, as I stated, the matter needed further 
investigation, as the material used for iodine determinations was 
a mixture of saturated and unsaturated fatty acids; so that this 
finding had no other meaning than that unsaturated fatty acids 
were present. The mere presence of unsaturated fatty acids 
cannot be considered the primary cause of toxic hemolysis, since 
such acids exist in normal human blood, as shown below. It is 
therefore necessary to look further for the causative factor. 


4 Noguchi, H., J. Exp. Med., 1906, viii, 87. 

5 Faust, E. 8., and Tallquist, T. W., Arch. exp. Path. u. Pharm., 1907, 
ivi; "367; 

6 The cholesterol ester of oleic acid is hemolytic but not so strongly so 
as Oleic acid itself. Since they demonstrated in the saponified ether ex- 
tract of Bothriocephalus latus both oleic acid and cholesterol and were 
unable to show the presence of glycerol, they concluded that the oleic 
acid was present as a cholesterol ester without attempting to isolate it as 
such. 

7 Lamar, R. V., J. Exp. Med., 1911, xiv, 256. 

8 McPhedran, W. F., J. Exp. Med., 1913, xviii, 527. 

9 Csonka, F. A., J. Biol. Chem., 1916, xxiv, 431. 
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Methods. 
ip 


The saponification of the alcohol-ether extract was preferred 
to the direct saponification of whole blood because of the incon- 
venience of working with such large quantities, and the large 
volumes, required to saponify in alcoholic KOH medium in a 
concentration sufficient to be sure that the esters of cholesterol 
are also split. 


Blood was taken from the vein before breakfast.!° A few crystals of 
potassium oxalate were added to prevent clotting. 75 to 125 cc. of blood 
were measured with a pipette and run slowly into 250 to 400 cc. of 95 per 
cent alcohol with constant stirring. After the protein matter had settled 
it was filtered through a Buchner funnel by suction. The blood proteins 
were put into a large extraction shell and extracted by absolute alcohol 
for 24 hours and again by petroleum ether for 24 hours in a Soxhlet appa- 
ratus. The filtrate from the blood protein as well as the absolute alcohol 
extract was evaporated on the water bath to dryness. It was redissolved 
in the petroleum ether extract, filtered through cotton, measured, and 
about an eighth of it was used for the determination of the fat and lipoid 
content. From the remainder the petroleum ether was distilled off, the 
residue saponified, and the fatty acid determined according to the method 
of Gephart and Csonka.?! 


The first step in the separation of the unsaturated from the 
saturated fatty acids was to convert them into.their lead soaps. 
These were extracted by ether, according to the method of Var- 
rentrapp, which dissolves the lead soaps of the unsaturated fatty 
acids. This method is not strictly quantitative, but it is the best 
at present devised for the separation of unsaturated from satu- 
rated fatty acid in general.” 


10 T wish to thank Drs. C. C. Hartman and W. T. Mitchell, Jr., for col- 
lecting the blood samples used in this work. 

11 Gephart, F. C., and Csonka, F. A., J. Biol. Chem., 1914, xix, 521. 

12To demonstrate how this method worked in my hands I give one of 
the preliminary analyses made of Merck’s oleic acid labeled as highly 
purified. (A), 0.1700 gm. of oleic acid gave 0.1490 gm. of unsaturated 
fatty acids; yield 87.6 per cent. (B), 0.1080 gm. of oleic acid gave 
0.0950 gm. of unsaturated fatty acids; yield 87.9 per cent. A third sample, 
where 0.1635 gm. of oleic acid was saponified first, gave 0.1558 gm. of 
unsaturated fatty acids; yield 95.3 per cent. 
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At the end of the titration of the fatty acids by the method of Gephart 
and Csonka!! the fatty acids are present as potassium soaps in a mixture of 
petroleum ether and alcohol. <A portion of the blood cholesterol is present 
in this same solution. To remove the cholesterol the solution is made 
alkaline, to insure separation more alcohol is added, and extracted twice 
with petroleum ether. The alkaline solution containing the fatty acids 
as soaps is transferred to a large beaker, evaporated on the water bath, 
the residue dissolved in warm distilled water, neutralized by acetic acid, 
and the fatty acids are precipitated as lead soaps by the addition of an 
excess of lead acetate solution. The soaps are then filtered off and dried 
in vacuum. The ether-soluble lead soaps are decomposed by the addition 
of hydrochloric acid; the free unsaturated fatty acids, after the ether is 
distilled off, are dried in vacuum, weighed, and saved for the determina- 
tion of the iodine number according to Hiibl. 


Since the iodine number of the unsaturated fatty acids in sev- 
eral cases as shown in Table I is higher than that of oleic acid, the © 


TABLE II. 
CORB NG Og Fg ap) a0 oid k'> S's Venn sits 3 9 10 14 18 19 
MIRC POs ie Life shnns Cts arena acon oe by pistes 117.2 101.1 129.6 136.9 96.4 108.6 


Unsaturated fatty acids of alco- 
hol-soluble barium soaps, gm. 
Ine L00- cer Of Dlood <5 60. see 0.035} 0.1386) 0.054} 0.165) 0.075} 0.084 


question of the direct evidence of the presence of other or higher 
unsaturated fatty acids arose in the latter part of this work. 
Therefore, the unsaturated fatty acids were dissolved in abso- 
lute alcohol neutralized by alcoholic KOH and the oleic acid was 
partly precipitated as barium oleate, placed in a refrigerator for 
a few hours, and then filtered. The unsaturated fatty acids of 
the alcohol-soluble barium soaps (Table II) were liberated by 
hydrochloric acid, extracted by ether, and after the ether was 
evaporated off the residue was dried, weighed, and used for the 
determination of the iodine number. 

I was especially careful to avoid any alteration or destruction 
of the unsaturated fatty acids which may result from the use of 
excessive heat. The saponification and extraction flask described 
in the previous communication? was used to advantage in this 
work. 
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II. 


A review of the literature has shown that in the determination 
of blood fats the extraction followed by saponification of the ex- 
tract was to be preferred to the direct saponification. 'Theformer 
method was introduced by Shimidzu who tried to apply the 
Kumagawa-Suto direct saponification, but found lower results 
than when he had first extracted the blood with alcohol and then 
saponified the extract. Berczeler!* confirmed Shimidzu’s claim 
and recently Rosenthal and Trowbridge! discussing the methods 
of fat determination concluded also that in blood Shimidzu’s 
alcoholic extractions should precede saponification. As a control 
for the blood fat determinations in the present work it was thought 
advisable to run duplicate determinations according to the Gep- 
hart-Csonka" method. To saponify in alcoholic KOH medium 


TABLE III. 
Gm. of Fatty Acids in 100 Cc. of Blood. 
Caseig Be ssce eae pase Bee tee Ane oe os 3 6 9 14 16 18 


CIODE aie tee hati ie 0.300} 0.300) 0.263} 0.282) 0.362) 0.252) 0.307 
Gephart-Csonka method...| 0.325) 0.326) 0.271) 0.318] 0.355) 0.268) 0.428 


in a concentration sufficient to be sure that also the more resist- 
ant esters such as cholesterol esters are split with certainty, only 
5 cc. of blood were used. 

The results in Table III verify the applicability of the Gephart- 
Csonka method for blood in cases where we are interested only 
in the absolute values, with the advantage also of avoiding the 
time-consuming extraction. The above results show further 
that the accuracy was not limited by using such small amounts of 
blood; the higher results were expected, as the extraction is never 
complete, especially in case such large amounts of blood are 
extracted. 


The method as applied to blood is as follows: To 5 cc. of blood meas- 
ured into the author’s saponification and extraction flask 20 cc. of alcohol 


13 Shimidzu, Y., Biochem. Z., 1910, xxviii, 237. 
14 Berczeler, L., Biochem. Z., 1912, xliv, 193. 
15 Rosenthal, H., and Trowbridge, P. F., J. Biol. Chem., 1915, xx, 711. 
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(95 per cent) and 4 gem. of stick potassium hydroxide are added. The 
flask is immersed in a boiling water bath and its contents are boiled 
under a reflux condenser for 1 hour, it is then cooled, and 20 cc. of 20 per 
cent HCl are added in small portions to free the fatty acids, cooling the 
flask after each addition of the acid. The flask is filled to the constriction 
with distilled water, 50 cc. of ether are added, the flask is closed with the 
stopper, and shaken in a rotary manner for a few minutés. After the 
ether layer has separated it is blown by pressure intoga separating funnel 
(250 ce.). The ether extraction is repeated twice Wh 50 cc. portions, 
collecting the portions in the separating funnel. After each extraction 
the ether layer is brought to the constriction by adding a little distilled 
water. The combined ether extract in the separating funnel is washed 
with several portions of water until the wash water is neutral. The crude 
ether extract, being free from hydrochloric acid as well as lower fatty 
acids, is transferred into an Erlenmeyer flask (200 cc.), a glass bead added, 
and the ether distilled off. The flask containing the residue is placed in 
the water bath for a few minutes, then in a vacuum desiccator over night 
to free the residue from moisture. 25 cc. of light, boiling petroleum ether 
are added, the flask is rotated at frequent intervals, and the solution 
filtered through a thick plug of fat-free cotton. Wash the flask and filter 
well with petroleum ether (8 times with 10 cc. portions) and collect the fil- 
trate which is perfectly clear and colorless in an Erlenmeyer flask. Bring 
the petroleum ether solution to boiling in a water bath and titrate it im- 
mediately with 0.04 nN alcoholic KOH using phenolphthalein as an indica- 
tor; each ce. of 0.04 n KOH is equal to 10.97 mg. of SR acids. For 
further details see the original article.!! 


DISCUSSION. 


The unsaturated fatty acids are of exogenous or endogenous 
origin, the latter being derived by synthesis from either carbo- 
hydrate or protein. A third source is by the desaturation of food 
fat and depot fat, which is mobilized for transport. Leathes" 
believes that desaturationis the réle of the liver in fat metabolism, 
so we may consider that unsaturated fatty acids occur in normal 
metabolism. 

As Table I shows, the blood of normal individuals contains an 
average of 0.143 gm. of unsaturated fatty acids per 100 cc. with 
an average iodine number of 87.5. 48 per cent of the total fatty 
acids are unsaturated. The iodine number of unsaturated fatty 
acids varies from 76 to 105 in normal human blood, thus indi- 


16 Leathes, J. B., Ergebn. Physiol., 1909, viii, 356. 
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cating in addition to oleic acid the presence of other both higher 
and lower unsaturated fatty acids in small amounts. 

In pathological conditions, we have found that a generally 
higher proportion of unsaturated fatty acids than the normal aver- 
age occurs, and that the iodine absorption power of the unsatu- 
rated fatty acids as well as their absolute amount is higher. We 
may divide the we thological cases according to their hemoglobin 
content into two groups: (A) normal hemoglobin, and (B) low 
hemoglobin. 


TABLE IV. 
Group A. Group B. 
Case. ‘ Hemoglobin.| Iodine No. Case. Hemoglobin.| Iodine No. 

per cent per cent 
13 105 92.8 " 63 142.4 
14 100 1 es 8 15 94.8 
16 85 78.3 9 26 101.6 
17 94 89.8 10 35 107.8 
18 90 86.0 11 58 71.8 
19 83 101.2 a2 15 110.9 


| 15 68 136.6 

The high iodine numbers representing unsaturated fatty acids 
with higher degree of unsaturation than oleic acid are found in 
Group B, but we should not forget that in the same group we deal 
with an abnormally low red cell count. Munk and Friedenthal!’ | 
found an increase of fat in red corpuscles during fat absorption, and 
Bloor!® suggested that most, if not all, fat metabolized through 
lecithin, and that lecithin formation is a result of red cell activity. 
In anemia, where the number of red cells is lowered, probably the 
fat metabolism is disturbed; and as a fact we find the amount 
of lecithin as well as other lipoid substances generally lower than 
that in normal human blood. It would seem that these lipoid 
substances especially require the unsaturated fatty acids as a 
radical in their formation. The higher iodine value found es- 
pecially in those cases where the lipoids are low suggests a re- 
sultant excess of unsaturated fatty acids and not necessarily an 
increased desaturation of fatty acids by stimulated liver activity. 


17 Munk, I., and Friedenthal, H., Centr. Physzol., 1901-02, xv, 297. 
18 Bloor, J. Biol. Chem., 1916, xxiv, 447. 
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While we know that this excess of unsaturated fatty acids has a 
hemolytic action, and no doubt intensifies the hemolysis, yet it, 
cannot be the primary cause, as we found in Cases 8, 138, 14, 19 
(Tables I and II) higher unsaturated fatty acids in even larger 
quantities than in normal blood with normal red blood count and 
hemoglobin content. 

The iodine values of fat plus lipoid substances show small 
variation in pathological cases as well as in normal cases, and 
have neither qualitative nor quantitative significance. A higher 
iodine number does not mean that there are present more highly 
unsaturated fatty acids than oleic, or that the proportion of 
unsaturated to saturated is larger. 


SUMMARY. 


Unsaturated fatty acids are a product of normal metabolism, 
being present in normal human blood, in which they form 48.0 
per cent of the total fatty acids. Judged by their iodine absorp- 
tion power there are, in addition to oleic acid, other unsaturated 
fatty acids both higher and lower than oleic, although in small 
amounts. 

The iodine numbers of the unsaturated fatty acids in patho- 
logical conditions are generally higher than in normal individuals, 
especially in cases with low hemoglobin values. As such acids 
exist in normal human blood as well as in pathological conditions 
without anemia, it is necessary to look further for the primary 
cause of toxic hemolysis. 

The Gephart-Csonka method for fatty acid determination in 
feces has been applied to blood in the present work, thus avoiding 
the time-consuming extraction common to other methods. 


A BIOLOGICAL ANALYSIS OF PELLAGRA-PRODUCING 
DIETS. 


V. THE NATURE OF THE DIETARY DEFICIENCIES OF A DIET 
DERIVED FROM PEAS, WHEAT FLOUR, AND 
COTTENSEED OIL. 


By E. V. McCOLLUM, N. SIMMONDS, anv H. T. PARSONS. 


(From the Chemical Laboratory of the School of Hygiene and Public Health 
of the Johns Hopkins University, Baltimore.) 


(Received for publication, January 25, 1918.) 


There are described in the literature two types of experimental 
diets which are reported to have produced, the one in man and 
the other in dogs, a pathological condition which closely re- 
sembles, if indeed it is not actually identical with human pella- 
era (1, 2). It has long been suspected that pellagra is in some 
way the sequel to the long continued use of a faulty diet, but 
there have been various theories as to the manner in which the 
diet is at fault. 


The experiments of Goldberger (1) have rendered the relationship of 
the diet to the disease extremely probable. Men were restricted during 
53 months to a diet prepared from wheat flour (patent), corn meal, (corn) 
grits, cornstarch, white polished rice, standard granulated sugar, cane 
syrup, sweet potatoes, pork fat (fried out of salt pork), cabbage, collards, 
turnip greens, and coffee. At the end of 5} months, five of the eleven men 
thus restricted, showed unmistakable signs of the disease. Goldberger 
interpreted his results with creditable caution, but decided that, ‘‘On the 
whole, however, the trend of available evidence, strongly suggests that. 
pellagra will prove to be.a ‘deficiency’ disease very closely related to 
beri-beri’’ (1). 

Voegtlin (3), after a critical examination of the literature, and also 
from clinical observations, formulated his views concerning the etiology of 
pellagra as follows: 

‘‘From a survey of the clinical and pathological aspects of pellagra, I 
have arrived at the conclusion that we are dealing with a chronic intoxi- 
cation. While the agents at work in this intoxication are as yet unknown, 
I am inclined to believe that toxic substances exist in certain vegetable 
food, not necessarily spoiled, which if consumed by man over a long period 
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of time, may produce an injurious effect on certain organs of the body. 
This hypothesis does not rule out the possibility that a dietary deficiency 


. . . [vitamines] . . . . may play a réle in the production and 
treatment of pellagra.”’ 

“One will have to consider very seriously: (1) A deficiency or absence 
of certain vitamines in the diet. (2) The toxic effect of some substances, 
as aluminum, which occur in certain vegetable foods. (3) A deficiency 
of the diet in certain amino-acids.”’ 

Chittenden and Underhill (2) produced in dogs a condition which they 
describe as closely similar to pellagra in man, by feeding a diet consisting 
of cooked (dried) peas, cracker meal, and cottonseed oil. Their views 
concerning the number of diseases which fall into the same category with 
beri-beri, that is in being caused by the lack of specific protective sub- 
stances, are formulated as follows: 

‘“The absence or deficiency of these substances (‘vitamines’) may lead 
to a variety of metabolic disturbances which have been designated by 
different names as beri-beri, scurvy, pellagra, etc., and which may be 
grouped together as ‘deficiency diseases.’’’ They concluded from their 
numerous experimental data that, ‘‘From the facts enumerated the con- 
clusion seems tenable that the abnormal state may be referred to a de- 
ficiency of some essential dietary constituent or constituents, presumably 
belonging to the group of hitherto unrecognized but essential components 
of an adequate diet.’’ 


As a result of studies with diets composed of purified food- 
stuffs supplemented with fats of the growth-promoting and non- 
growth-promoting classes, and with alcoholic and water extracts 
of plant tissues (4) and also with the addition of small amounts 
of various natural foods (5), we were led to the conclusion that 
there are possible of classification two still unidentified food 
complexes which are essential in the diet, and we introduced the 
terms fat-soluble A and water-soluble B to designate them (6). 
The prefixes ‘‘fat-soluble”’ and ‘‘water-soluble’ have now be- 
come generally adopted by other investigators, although there is 
still lack of uniformity in the terminology in other respects. 
There are not less than twenty different terms in the literature of 
the last 2 or 3 years to designate these two substances, or as a few 
authors seem to believe, groups of substances of unknown nature.! 


1 Recently Emmett and McKim (7) have argued in favor of the exist- 
ence of a special ‘‘vitamine’’ for maintenance and another or others for 
growth. We are not able to see in the experimental data which Emmett 
and McKim present any evidence in support of the interpretation which 
the authors put upon their data. | 
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It is obviously of the greatest importance that we have a 
correct understanding of the relation of diet to disease, and it is 
accordingly exceedingly desirable that it be definitely established 
whether there is in reality but a single essential substance in each 
of what we term fat-soluble A and water-soluble B. If, as the 
evidence available indicates, each represents but a single sub- 
stance, there can be but two deficiency diseases in the sense in 
which Funk employed this term (8). He used the term “de- 
ficiency diseases”’ to designate a series of four or more syndromes, 
beri-beri, scurvy, pellagra, and rickets, and expressed the belief 
that each was due to the lack of a specific protective substance. 
We have, therefore, directed our efforts to the solution of the 
problem concerning the number of the unidentified dietary es- 
sentials, and have repeatedly expressed the view that there are 
but two (9). 


McCollum and Pitz (10) demonstrated that scurvy in the guinea pig 
does not belong in the category of ‘‘deficiency’’ diseases, and referred it 
instead to the agency of microorganisms in the digestive tract. The stag- 
nation of feces in the cecum of the guinea pigs employed as experimental 
animals was suggested to be the primary cause of the development of the 
organisms concerned. Hess (11) has recently described experiments which 
support our conclusions regarding the bacteriological factor in the pro- 
duction of scurvy. He found that freshly pasteurized milk does not pro- 
duce scurvy in the human infant, whereas the same milk kept 24 hours 
after the heat treatment may do so. The most plausible explanation for 
this is the development of pernicious forms of organisms after the pas- 
teurization has checked the lactic acid formers. We hold, therefore, that 
scurvy has been definitely eliminated from the list of supposed ‘‘deficiency”’ 
diseases. 


In the previous articles of this series, we have analyzed the 
deficiencies of several seeds, from the dietary standpoint, by suit- 
ably planned feeding experiments (12, 13). We have arrived at 
the conclusion that beri-beri was properly judged by Funk as 
to the cause of its origin, but that the other diseases which he 
held to be due to the lack of specific substances from the diet are 
in reality due to other causes. We have called attention to clini- 
eal evidence of the existence in man of cases of xerophthalmia 
(9), entirely analogous in origin to the same pathological state in 
rats, brought about by a deficiency of the fat-soluble A in the 
diet. Xerophthalmia and polyneuritis are abundantly demon- 
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strated to have their origin in the lack of a sufficient amount of 
the fat-soluble A and water-soluble B respectively in the diet. 
_The experiments described in this paper make it clear that the 
diet of Chittenden and Underhill is not deficient in the sense that 
it fails to furnish a sufficient amount of another specific substance 
which when present protects against the development of the syn- 
drome of pellagra. The deficiencies of their diet are all depend- 
ent upon the shortage of the fat-soluble A, the character of the 
inorganic moiety, and the relatively poor quality of its protein 
mixture. The experimental demonstration of-this fact, provided 
the interpretation be accepted that their dogs were suffering 
from a disease analogous to pellagra in man, eliminates a second 
syndrome, pellagra, from the list of supposed ‘‘deficiency”’ 
diseases. 

On the appearance of Chittenden and Underhill’s paper, we 
were at once convinced that their interpretation of the nature of 
the deficiencies of their diet could be only partially correct. This 
conclusion is inevitable in the light of our many studies of all the 
more important seeds, which are in use as foods for men and 
animals. Each of these, we have shown, can be supplemented 
by the addition of inorganic salts, purified protein, and a growth- 
promoting fat, so as to be dietetically complete (14). It must 
follow, therefore, that the fat-soluble A is the only unidentified 
dietary factor of which there is any relative lack in any of the 
seeds which we have studied. The deficiency of the seeds in fat- 
soluble A is only relative, not absolute. Each of the seeds ap- 
pears to contain at least 50 per cent of the requirements of the 
erowing rat for this substance, provided the other factors in the 
diet are of good quality. A mixture of peas, wheat flour (or 
crackers), and cottonseed oil, should, in the light of our data with 
each of the common seeds, be susceptible of fairly accurate ap- 
praisal as to its dietetic value. The experiments described in this 
paper demonstrate the correctness of this view. 

Chart 1. Lot 1,915.—The standard food mixtures of peas, 
patent flour, and cottonseed oil induced no growth in Period 1. 
In Period 2 the addition of purified protein did not correct the 
ration so as to produce growth. 

Lot 1,916 A shows that a suitable salt addition was not suffi- 
cient to render this food mixture capable of supporting growth, 


415 


McCollum, Simmonds, and Parsons 


‘| LUVHD 


°OT 
°0£ 


416 ~ Pellagra-Producing Diets. V 


while Lot 1,021, Chart 2, and Lot 1,022, Chart 3, demonstrate 
that the content of the dietary factor, fat-soluble A, is not 
the factor limiting growth. No matter how well the proteins 
of this diet are supplemented with purified protein addition, 
with or without increasing the content of the diet in fat-soluble 
A, growth cannot take place unless the elements sodium, chlorine, 
and calcium are added. We have shown in the first (12) and 
fourth papers (15) of this series that these are the only inorganic 
elements which are required to be added to any of the seeds in 
order to make them dietetically complete, as far as the mineral 
content is concerned. Compare Chart 1 with Charts 2 and 3. 
These groups of rats developed very rough sealy tails, and 
numerous bleeding points covered the surface. The ears were 


thickened .and on the margins scabs developed. There was a . 


cutaneous horn on the nose of each rat. These signs of patho- 
logical changes on the skin are common in our rat colony in ani- 
mals fed certain types of faulty diets. They are not the unfail- 
ing accompaniment of diets which cause debility even of a severe 
character. We have not yet analyzed with sufficient thorough- 
ness the exact nature of dietary faults which induce these changes. 

There was no diarrhea in any of our rats on the diets described 
in this paper. Neither did we observe infection in the oral and 
intestinal mucosa. 

Lot 1,916 A.—The diet in Period 1 could not support any 
growth. In Period 2, they received in addition sodium chloride 
and calcium carbonate. The salt additions induced a slight 
response with growth for 6 to 8 weeks, followed by decline. 
Lot 1,021, Chart 2, shows the necessity of adding these salts, if 
growth is to take place; Lot 1,023, Chart 3, shows that no others 
are necessary to enable the animals to grow at the normal rate. 
The inorganic content of this diet is, therefore, the first limiting 
factor in preventing growth. 

The peas were soaked in water, then heated in a sterilizer at 
15 pounds’ pressure for 1 hour, and dried in a current of air at 
about 70°C. Gold Medal flour and a commercially bleached cot- 
tonseed oil were employed. The animals. were given distilled 
water, and according to our general custom, were furnished 
water containing iodine in potassium iodide once each week. 

Chart 2. Lot 1,916 B.—In Period 1 these rats received the 
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standard mixture and failed to grow. In Period 2 the content of _ 
the fat-soluble A was increased by the addition of butter fat, 
but without noticeable benefit. Chart 1, Lot 1,916 A, showed 
that the addition of an appropriate inorganic salt mixture, and 
Lot 1,915 an addition of purified protein did not supplement the 
mixture of peas, patent flour, and cottonseed oil so as to induce 
growth. Two purified food additions, one of which is inorganic, 
are necessary (Chart 3, Lots 1,022 and 1,023). These rats (Lot 
1,916 B) showed the same skin lesions on the nose, ears, and tails 
that were described in Chart 1, Lot 1,915. They differed from the 
latter in being extraordinarily irritable. They were terror 
stricken whenever the cage door was opened, and there was always 
great difficulty in weighing them. Irritability in some degree 
was characteristic of all the rats on this ration where but one 
purified food addition was made. Extreme timidity is of com- 
mon occurrence in our experimental rats on certain types of faulty 
diet. We are not yet in a position to discuss satisfactorily the . 
exact nature of the causes of this abnormality. 

Lot 1,021.—These records illustrate the fact, when interpreted 
together with Chart 3, that both protein and fat-soluble A (as 
butter fat) added to the diet of Period 1 fail to make the ration 
capable of supporting growth. The addition of certain salts 
(sodium, chlorine, and calcium) is necessary before growth can 
proceed. These salts alone are, however, not sufficient (Chart 
1, Lot 1,916 A). Either the protein must be improved,.or the 
fat-soluble A must be increased in amount, as well as an im- 
provement in the inorganic moiety effected before the food mix- 
ture becomes capable of supporting growth (Chart 3, Lots 1,022 
and 1,023). It is not apparent from the curves of growth that it 
is of great importance for some weeks whether the second factor 
which is improved. is protein or fat-soluble A. Growth can take 
place in either case. Prolonged well-being requires, however, in 
addition to other supplements, an increase in the content of fat- 
soluble A in this food mixture. 

Chart 3. Lot 1,022.—In Period 1 the animals were fed the 
standard mixture of peas, patent flour, and cottonseed oil and 
were unable to grow. In Period 2, the addition of two purified 
food substances, the simple salt mixture of sodium chloride and 
calcium carbonate, together with purified casein, induced prompt 
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response. Chart 2, Lot 1,021, showed that two purified food 
additions, protein and fat-soluble A, do not enhance the diet so 
as to support growth. 

The growth of these animals was not so rapid as they are ca- 
pable of making when the diet is highly satisfactory. This is 
illustrated by the records of Lot 1,024, Chart 4, when compared 
with Lots 1,022 and 1,023, Chart 3. In the latter the best rats be- 
came stunted before reaching fulladult size. These records make 
it clear that the diet of peas, wheat flour, and cottonseed oil can 
‘be supplemented with well known dietary components so as to 
induce a moderate amount of growth in the rat. It is necessary 
to conclude, therefore, that the dietary deficiencies of this food 
mixture, which has induced in dogs symptoms closely resembling 
pellagra in man, are not in the nature of unidentified ‘‘ protec- 
tive’ substances, except that there is in some degree a shortage 
of the content of fat-soluble A. Sodium chloride and calcium 
carbonate, together with purified protein and fat-soluble A, 
render the diet practically complete (Chart 4). 

Lot 1,023.—These records illustrate the fact that the protein 
mixture derived from peas and patent flour (12.1 per cent) is 
adequate for the support of a good rate of growth (Period 2) — 
after a period of stunting for 5 weeks. ‘These records further 
support the view that the first limiting factor in this food mix- 
ture is the quality of the inorganic content (see Charts 1 and 2). 
These growth curves are not of so steep a gradient, however, as 
can be secured by the further improvement of the protein content 
of the diet by the addition of purified casein (Chart 4). A com- 
parison of Charts 3 and 4 makes it evident that more fat-soluble 
A must be added before the optimum growth can be secured with 
this ration. 

Chart 4. Lot 1,024.—These records show the degree of improve- 
ment of a mixture of peas, patent flour, and cottonseed oil, which 
can be effected by the addition of three recognized dietary factors, 
protein, salts, and fat-soluble A. Not only is the growth on the 
diet supplemented in this way nearly at the maximum rate, but 
three litters of young have been secured. 

A mixture of peas, patent flour (crackers), and cottonseed oil 
induced in dogs a profound state of malnutrition, characterized 
by sore mouth, sloughing of the mucosa, diarrhea, infection of the 
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mucosa of the intestinal tract, and skin lesions (2). The same 
diet is shown in this paper to be deficient only with respect to 
three dietary factors, all of which can be named and but one of 
which (fat-soluble A) is of chemically unknown nature. This 
forms a strong argument against the idea that pellagra is a dis- 
ease in the same category with beri-beri, or the xerophthalmia 
which was described in the second paper of this series (9). Pel- 
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CHART 4, 


lagra is primarily, we believe, associated with the unsatisfactory 
character of three dietary factors as described, and there cannot 
be a specific protective substance against this syndrome as there 
is for the other diseases just enumerated. We have elsewhere 
offered chemical evidence that there is but one water-soluble in- 
dispensable food constituent of unknown chemical nature (13). 
The demonstration that neither scurvy nor pellagra belong in 
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the class of disease for which such protective substances exist, 
removes the necessity of postulating the existence of more than 
one indispensable substance in what we term water-soluble B, 
unless it shall be shown that rickets, the only other disease re- 
ferable to faulty diet, is comparable in its etiology with beri-beri 
and , xerophthalmia. The experiments reported in this paper 
support our contention that there are in reality but two ‘‘de- 


CHART 5. 


ficiency”? diseases, and but two physiologically indispensable 
unidentified dietary essentials. 

Chart 5. Lot 1,929.—In this chart are shown for comparison 
with the growth curves of young animals (Charts 1 to 4 inclu- 
sive) the curves illustrating the changes in body weight of grown 
rats confined to the diet of peas, flour, and cottonseed oil. ‘These 
were at the beginning of the experiment about 1 year old and in 
excellent condition, and capable, if fed a good ration, of living 
about 2 years longer. They were restricted to the diet of peas. 
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patent flour, and cottonseed oil, which was employed throughout 
this work. All suffered steady decline, showing that the diet is 
not of a character to support either maintenance or growth 
until properly supplemented. Three of the six animals died at 
the end of the 8th, 12th, and 15th weeks respectively. 

The coats of these animals became rough but there were no 
thickening of the ears, baldness, soreness of the tails, or cutaneous 
horns on the noses, such as we have seen to be concomitant with 
faulty diet. We have not observed therefore, the pathological 
changes in the mucous surfaces of the alimentary tract nor the 
skin changes and infections observed by Chittenden and Under- 
hill in dogs. In grown rats, loss of weight and the early appear- 
ance of senile characters were the only evidences that this diet 
was inadequate. In certain groups (Charts 1 and 2) in young 
rats skin changes were observed. 
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THE STRUCTURE OF YEAST NUCLEIC ACID. 
III. AMMONIA HYDROLYSIS. 


By P. A. LEVENE. 
(From the Laboratories of The Rockefeller Institute for Medical Research.) 


(Received for publication, January 31, 1918.) 


Since the tetranucleotide structure of yeast nucleic acid has 
been generally accepted, the efforts of workers in this field of in- 
vestigation have been devoted to a search for an explanation of 
the mode of linkage between individual nucleotides. . The theory 
of the structure of yeast nucleic acid was established through 
the discovery of methods which yielded on the one hand the indi- 
vidual nucleotides and on the other the pyrimidine nucleotides. 
For the explanation of the further details in the structure of the 
substance it was necessary to obtain a fragment of the nucleic 
acid molecule that would possess a more complex structure than 
the simple mononucleotides. Attempts in this direction were 
made by Thannhauser and Dorfmiiller! and by Walter Jones?* 4 
and his coworkers. Thannhauser and Dorfmiiller reported the 
discovery of a trinucleotide, Walter Jones with his coworkers 
the discovery of two dinucleotides. The conclusions of Thann- 
hauser and Dorfmiiller were criticised by Jones who very con- 
vincingly exposed the weak points in the arguments of Thann- 
hauser. 

However, it is now found that the claim of Jones and Germann 
and Jones and Read to have isolated an adenine-uracil dinucleotide 
was not well founded.. Following exactly the same conditions of 
analysis as given by these authors a brucine salt was obtained 
which possessed analytical values required by the dinucleotide. 
On recrystallization out of 35 per cent ethyl alcohol this brucine 


' Thannhauser, 8. J., and Dorfmiiller, G., Z. physiol. Chem., 1915, xcv, 
259. 
2 Jones, W., and Richards, A. E., J. Biol. Chem., 1914, xvii, 71. 
3 Jones, W., and Germann, H. C., J. Biol. Chem., 1916, xxv, 93. : 
4 Jones, W., and Read, B. E., J. Biol. Chem., 1917, xxix, 123; xxxi, 39. 
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salt was separated into two fractions, one analyzing for uridinephos- 
phoric acid, the other for adenosinephosphoric acid. Out of 120 
gm. of the mixed salt there were obtained 50 gm. of the first 
portion and 70.0 gm. of the second. ‘The first salt was converted 
into a barium salt which possessed the crystal form, the optical 
rotation, and the analytical values of the recently described® 
barium salt of uridinephosphorie acid. 

The second fraction was also converted into a barium salt 
which separated out of a concentrated aqueous solution. How- 
ever, it was impossible thus far to obtain the salt in crystalline 
form. Work in this direction is in progress. 

It is evident on the basis of this experience that as far as the 
yeast nucleic acid is concerned the largest fragment obtained up 
to the present is a mononucleotide. Hence the problem of the 
mode of linkage between the individual nucleotides still awaits 
its solution. On the other hand the work done in Jones’ labora- 
tory and our recent work have advanced further proof for the 
tetranucleotide structure of yeast nucleic acid, since on cleavage 
of the nucleic acid it is now possible to isolate the following three 
mononucleotides in pure form: guanylic acid, uridinephosphoric 
acid, and cytidinephosphoric acid; and there is reasonable hope 
that adenosinephosphoric acid also will be prepared in pure form. 


EXPERIMENTAL. 


Crude nucleic acid in lots of 100.0 gm. each in 500 cc. of water 
aitd 50 cc. of 25 per cent ammonia water were hydrolyzed for 1 
hour in an autoclave at 115°C. The reaction product was fil- 
tered and to the filtrate an equal volume of 98 per cent alcohol 
was added. A precipitate was thus formed which was removed by 
filtration. The filtrate was concentrated to a third of the origi- 
nal volume under diminished pressure (between 12 and 15 mm.), 
the temperature of the water bath not exceeding 40°C. To the 
concentrated solution was added again an equal volume of 98 
per cent alcohol. To the filtrate a 25 per cent solution of basic 
lead acetate was added as long as a precipitate formed. 

The lead precipitate was ground up in a solution containing 5 
per cent lead acetate and filtered. The operation was repeated 
three times. The washed lead precipitate was suspended in water 


5 Levene, P. A., J. Biol. Chem., 1918, xxxili, 229. 
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containing barium hydroxide and decomposed by means of hy- 
drogen sulfide. Care was taken to keep the solution slightly on 
the alkaline side. The excess of hydrogen sulfide was removed 
by aeration; the solution was then made distinctly alkaline, fil- 
tered, again neutralized, and concentrated to a volume of 500 ce. 
The barium was then removed quantitatively and from the solu- 
tion the brucine salts were prepared in the usual way. 

The analysis of the mixed brucine salts gave the following value. 


0.200 gm. substance gave 15.4 ec. N at 18°C. and 747.2 mm. 
For cytosine-uracil dinucleotide C;yH25N7P20i15.4(C23H2s5N204) +14 HO 
Calculated: Found: 
Mr tee Wey OF ec il, a gk ee Nee NENT opt ait 8.46 8.88 


This material was recrystallized nine times. The final product 
gave the following analytical results. 


0.200 gm. substance gave 12.4 cc. N at 17°C. and 757.2 mm. 
OeOr2 " “0.1970 gm. CO, 0.0582 gm. H.20O, and 0.0058 


gm. ash. 


Calculated for 
CssHes3 NePO7+7 H20: Found: 


EE ON Bs) EE. Paes 28 ns hy ew dvs 4 PS Dene 53.20 53.08 
eee Re. yh ag de tei eS ane 4 oe 6.51 6.43 
IN ol vdele leads GO SURDicreCerl Cre ree oes ec cis ae ara 6.80 120 


This brucine salt was then converted into the barium salt. 
The salt crystallized in the manner described in the previous com- 
munication. It was redissolved in a small volume of a 10 per cent 
solution of sulfuric acid. The solution was neutralized with 
barium hydroxide, filtered, and allowed to crystallize at room 
temperature. The figure illustrates the crystals. 

The substance gave the following analytical data. 

0.200 gm. substance required for neutralization 8.92 cc. of 0.1 N acid. 


OsvE2 se gave 0.0912 gm. COs, 0.0230 gm. H20, and 0.0514 


gm. ash. 


Calculated for 
CoH: N2O3sPBa: Found: 


(25 lb RE iar eg aR Sa Se 23.50 23.64 
1 a Ca IRS Soa i ae eng) 2.41 2.45 
1S eg RRA Oy 7, Seagal ema ae ee 1 6.10 6.24 
Bee Or eas. ae cust Oe est he 48.97 48.86 


The optical rotation of the substance was the following: 


[or] Lone 0.14° X 100 Ny 
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Fra. 1. Barium salt of uridinephosphorie acid. 


A DETAILED METHOD FOR THE PREPARATION 
OF HISTIDINE. 


By HORRY M. JONES. 
(From the Psychopathic Laboratory of Cook County Hospital, Chicago.) 


(Received for publication, January 18, 1918.) 


The many uses which are being found for histidine in various 
lines of biological work and the difficulty of obtaining this amino- 
acid on the market make it necessary for many research labora- 
tories to prepare their own supplies of histidine. 

Directions for the preparation of histidine as given in the text- 
books are usually too meager to lead one to a successful first trial; 
z.e., a good yield and a pure product. Either a large amount of 
the product is discarded unawares in one of the precipitates or 
filtrates, or else the mother liquor is too grossly contaminated 
with other salts to permit the product to separate in pure crystals. 
The method given here is offered, however, not as an improve- 
ment on the method already in use, but as a more detailed state- 
ment of that method, together with reasons for certain apparently 
insignificant steps in the process which are easily overlooked. | 

Hemoglobin is the protein of preference as a source of histidine; 
and ox blood corpuscles, or the so called blood paste,! which can 
be obtained from the slaughter house, are probably the most eco- 
nomical source of histidine. 

2 liters of blood paste are placed in a wide-bottomed aR or 
porcelain-lined pan and to this is added ‘slowly an equal quantity 
of concentrated HCl. The lumping of the corpuscles into large 
masses is of no significance, as these lumps will dissolve later. 
The mixture is then poured into an 8 or 10 liter Jena or Pyrex 
round-bottomed flask and heated on a sand bath in the fume 
chamber for about 18 hours. By this time the volume of the 
mixture will be reduced to about half the original volume;:z.e., 
2 liters. The biuret test on a neutralized and filtered portion 
should now be negative. If the biuret test is negative, the flame 


1‘‘Blood paste”’ is the concentrated suspension of red blood corpuscles 
obtained by centrifugating defibrinated ox blood. 
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is removed and the mixture allowed to cool: It is then mixed 
with an equal volume of saturated sodium carbonate, pouring 
the acid mixture slowly into the carbonate solution, with thorough 
mixing. The vessel for this should have a capacity of 40 or 50 
liters to allow for the effervescence of such a viscous mass. Fi- 
nally, after the foam has settled, which requires a few hours, the 
mixture should be made exactly neutral to litmus paper and fil- 
tered. If it has not been carefully neutralized, this filtrate will 
have a reddish purple muddy color instead of a clear yellow. 
The filtrate is now made alkaline with 25 gm. of NaOH and boiled 
-to expel ammonia. After an hour of boiling, it may be necessary 
to add more NaOH to make sure that all the ammonia will be 
driven off. Any NH,Cl left in the solution will interfere in all 
subsequent treatments of the precipitates and filtrates, and will 
eventually have to be separated from the final product. 

After standing for several hours in the cold, the leucine and 
tyrosine will separate out, and should be filtered off. The filtrate 
should then be treated, alternately, with concentrated solutions of 
HgCl, and of NagCOs;, using the NagCQO; to keep the mixture alkaline 
as more HgCl, is added. Continue this until a small filtered por- 
tion, which should be distinctly alkaline to phenolphthalein, 
does not produce the heavy voluminous precipitate of mercuric 
histidine when treated with more of the HgCl, solution. An 
opalescent or milky precipitate will continue to form even after 
all the histidine is precipitated, but should be disregarded.’ Now 

filter off the large volume of precipitate and wash by suspending 
' the latter in a 2 liter quantity of distilled water and again filter- 
ing. This process is repeated a second time to insure the re- 
moval of substances in the original solution, as well as the excess 
of HgCl,. Suspend the twice washed precipitate in five times its 
volume of water and, using concentrated HCl, render the latter 
acid to bromophenol blue (pH = 3). If the dilution is greater 
than five volumes of water, the same volume of concentrated 
HCl would be required, but the pH would be higher; and since 
both the dilution and the pH are more easily measured than the 
strength of the acid and the volume of precipitate, this method is 
suggested. At such a dilution, and pH, the mercuric histidine 
_ will be redissolved, while a large volume of a dirty brown residue 
should remain in suspension. The latter is then removed by 
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filtering. The acid filtrate is then treated with a sufficient quan- 
tity of concentrated solution of NagCO; to render the solution 
distinctly alkaline to phenolphthalein, whereupon the mercuric 
histidine is reprecipitated as a clean, creamy flocculent mass. 
The latter is thoroughly washed two or three times by suspending 
in water and refiltering as before, in order to remove NasCOs 
and NaCl. 

Finally, it should be suspended in about 600 cc. of water, and 
H2S allowed to bubble slowly through the thick suspension, until 
the mass becomes coal-black. The filtrate from this mass of 
HgS is then allowed to evaporate at room temperature, where- 
upon large yellowish crystals of histidine hydrochloride will sepa- 
rate out from the brown, syrupy mother liquor. The yield should 
be about 15 gm. The crystals are then freed from the brown 
adhering film of mother liquor, and dried between filters. It 
should be identified by its melting point (256°), by its crystalline 
structure, and 1s freedom from inorganic salts, proved by in- 
cinerating a small portion on platinum foil. 
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THE GROWTH OF CHICKENS IN CONFINEMENT.* 
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(From the Laboratory of the Connecticut Agricultural Experiment Station 
and the Sheffield Laboratory of Physiological Chemistry in Yale 
University, New Haven.) 
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(Received for publication, January 10, 1918.) 


The possible advantage in the use of chickens as experimental 
animals in the study of growth and other problems of nutrition 
has suggested itself to many investigators since the days of Pas- 
teur. These birds can be hatched under artificial conditions; they 
grow rapidly and therefore may furnish desired evidence more 
speedily than is the case with most of thedomestic animals; and 
furthermore if the conditions under which chickens continue to 
grow normally in confinement can be learned, it will be possible to 
obtain much information of practical use in poultry husbandry. 

There is a widespread belief among poultry raisers that young 
chickens cannot be reared under the artificial conditions of hous- 
ing and diet which many other experimental animals tolerate 
without detriment. The current ideas are expressed in the state- 
ments that the birds must be kept ‘‘on the ground,” that they 
must have exercise, outdoor life, and green food. In a recent 
report of observations upon the growth of young chickens under 
laboratory conditions Drummond? wrote: 


‘‘There are not many published records of the use of young chickens as 
the experimental animals in studies upon the factors concerned in growth 
and nutrition, but, from a reference to those of recent date, the present 
author was led to believe that one migby rely to, some considerable extent 
upon their suitability for such studies.’ 


* The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Wash- 
ington, D. C. 

1 Drummond, J. C., Biochem. J., 1916, x, 77. 
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Drummond attempted to rear young chickens in the labora- 
tory without success even when the food supplied was supposed 
to be the same as that which facilitated growth under conditions 
of normal environment. He mentions “ruffled appearance” and . 
‘“‘weakness in the legs’’ as symptoms attending the failures. 
Quoting Drummond further: 


‘‘The failure of the normal birds to grow and develop was at first at- 
tributed to possible defects in the condition of keeping or feeding. Thus, 
poultry-keepers sometimes consider that weakness in the legs is due to a 
deficiency of fresh meat in the diet. It was therefore attempted to rear a 
batch of young chicks upon normal food, giving them in addition a ration 
of fresh meat daily. The birds ate the meat greedily, but did not respond 
to the change, and the effort to raise them was no more successful than 
before. ‘ 

It was then thought that if the young birds were reared upon a more 
natural surface they might thrive more satisfactorily. Accordingly, two 
batches were reared separately, one being brought up upon a surface of 
sawdust and coarse sand, scattered on the floorofthecage . . . whilst 
the other group was provided with a surface of fresh earth and grass.’’ 

Post-mortem examination of a large number of these ‘normal’ chicks 
did not bring to my notice any particular point of interest. The bodies 
were without exception greatly emaciated. The organs were usually small 
and anaemic. During life this apparent poverty in blood was striking. 
The combs and eyelids of the chicks were peculiarly bloodless, being of a 
dead white colour, as contrasted with the deep red colour possessed by 
the combs and eyelids of normal fowls of an equal age.”’ 


In conclusion Drummond wrote: 


“Tt is felt that the young chick is not a suitable object upon which to 
conduct experiments in the study of growth, at any rate, when it is kept 
under artificial conditions. The difficulty of rearing young fowls indoors 
is, I believe, realised by poultry-farmers generally, so much so in fact, 
that it is seldom attempted by them. 

An explanation of the cause of the failure has not yet suggested itself. 
No dietary deficiency can be held as responsible, for the diet supplied to 
the experimental chicks in the normal batches was in every way similar to 
that successfully employed to rear chicks in the open air. An attempt to 
supply one of the conditions, under which fowls are normally reared, was 
made when fresh earth and grass were given to provide a surface for: the 
young birds to run upon. 

They certainly made use of the soil, scratching it over and pulse out 
small insects and other tasty morsels all day long. And yet, despite the 
fact that the earth was changed frequently, this group of birds reached 
but a slightly better standard of development than did a similar batch, 
which had a surface of sawdust and grit to run upon. 
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In the .ight of these facts we must admit that there are other factors 
than an adequate diet, which must be supplied to the growing chick, in 
order that it may complete its normal growth when under conditions such 
as are described.”’ 


Likewise Funk,? in referring to Drummond’s conclusion, that 
even chickens on normal diet do not thrive when kept under 
laboratory conditions, wrote: 


“This fact, of which I am fully aware, has been already emphasized in 
one of our publications. . . . . Still it also remains a fact that as a 
result of an inquiry into conditions existing in poultry farms, we are using 
now a mixture of chicken food, cabbage, and charcoal, the water being 
entirely replaced by milk, thereby succeeding in diminishing the mortality 
to a very great extent, in spite of the fact that the birds are kept in 
small cages.”’ 


The experience which we’ reported in feeding young chicks on 
selected rations encouraged us to make further attempts to as- 
certain the conditions under which these birds can be used, if 
possible, in the laboratory for the study of the factors essential 
for their nutrition during growth. Two of the chickens, Nos. 
5 o& and 6 o, reported in our earlier paper at the age of 81 
days, subsequently attained maximum body weights of over 6 
pounds—2,760 and 2,915 gm. respectively at the age of 309. 
days. Their plumage was well developed, their appearance ex- 
cellent, and both proved fertile. During a period of almost a 
year they were kept in cages not over 2x 2x 2 feet, were never 
removed from the laboratory, and never received any green 
fodder. Photographs taken at the age of 322 days are appended. 

During the period of these experiments the protein concen- 
trates fed were corn gluten, cottonseed flour, soy bean flour, and 
casein. “Protein-free milk’’ and butter fat were used as sources 
of “‘vitamines.’’ Starch, lard, and ferric citrate also entered into 
the diet. An abundance of water and grit was always furnished. 

Since these rations contained no roughage we early trained 
these chicks to eat the blotting paper with which the bottoms of 
their cages were lined. The importance of an adequate supply of 
roughage seems to have been overlooked by those who have at- 


2 Funk, C., J. Biol. Chem., 1916, xxvii, 3, footnote. 
8 Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1916, xxvi, 298. 
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tempted to raise chickens in confinement; and the good effects 
which appeared to result from the use of paper fiber have led us to 
continue to feed it in the form of blotting paper or moist paper 
pulp in our subsequent experiments with chickens. It is sur- 
prising with what avidity large quantities of paper were eaten, 
full grown birds consuming daily a sheet of blotting paper nearly 
2 feet square. By supplying this cellulose material the use of the 
more complex forms of roughage, as grass, straw, etc., was 
avoided. It is possible that the employment of plenty of oat 
straw litter by poultrymen has its advantage in the supply of 
roughage thus furnished rather than in the exercise which it is 
generally supposed to stimulate. 

Out of ten 3 weeks old White Leghorn chicks similarly put on 
various experimental rations and deprived of all green food, four 
attained a considerable size. Photographs of two of these are 
shown at an age of 271 days and weights of 1,520 gm. (3.3 pounds, 
cockerel) and 1,130 gm. (2.5 pounds, pullet) respectively. The 
pullet later reached a weight of 1,370 gm. (8 pounds) at an age 
of 298 days. The cockerel crowed vociferously and the pullet 
laid two eggs while under observation. Most of the other chick- 
ens of this lot, however, developed the characteristic inability 
to use their legs. Nevertheless many of them continued to gain 
weight in spite of the fact that they were almost entirely help- 
less. It is possible that these individuals did not acquire the 
habit of eating enough of the paper fiber and consequently their 
digestions became impaired with the subsequent development of 
“weak legs.’’ On diets where no corn or other material furnishing 
plant pigments of the xanthophyll or carotin type was present the 
absence of pigmentation in the epidermal scales on the legs and 
the ear lobes was noticeable, testifying to the well known fact 
that the coloring matter in these parts comes from the food. 
Their combs and wattles were in most-cases anemic. 

The chicks thus far considered had presumably been reared 
under outdoor conditions and were 3 to 5 weeks old before they 
were selected for experiment. Drummond has expressed the con- 
viction that, ‘“‘The age at which the chick is brought under the in- 
fluence of these artificial conditions is apparently the chief de- 
termining factor in its subsequent development, other conditions 
being the same.” We therefore hatched a large number of White 
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Leghorn chicks in the laboratory. These were fed in groups, 
in a diversity of ways, our aim being to supply suitable pro- 
tein, salts, and ‘‘vitamines”’ of both the water-soluble and fat- 
soluble types. Green food was never used. ‘‘Roughage’’ or 
“‘ballast’’ was furnished in the form of moist paper pulp. Later, 
many of the chicks ate in addition considerable quantities of the 
blotting paper with which the bottoms of the cages were covered. 
The fat-soluble “ vitamine”’ which probably is ordinarily supplied 
by green food was furnished by a liberal amount of butter fat 
incorporated in the various rations fed. 

It was soon made evident in these newer trials that chicks 
directly from the incubator can reach several times their initial 
weight, though fed on the mixtures selected by us, quite as sat- 
isfactorily as when the experiments were begun with chicks 3 to 
4 weeks old. The rations used contained all of the nutrients 
which our experience with rats had led us to assume might be 
essential for growing chicks and in fairly similar proportions. 
Such changes as were made chiefly involved the physical state 
of the food and were in accordance with the results of our obser- 
vation of the habits of these birds. 

We are not yet prepared to furnish an interpretation of the 
unlike growth made by the chicks in the various experiments just 
referred to. The character of the food mixture used was varied 
so frequently that we cannot yet discuss this feature in detail. 
It seems more than fortuitous that the feeding of liberal propor- 
tions of gliadin or wheat gluten has had a favorable influence, 
especially in view of the high esteem in which wheat is held by 
poultrymen. 

In all our different series a considerable number of the chicks 
developed the familiar ‘‘weakness of the legs’ that is variously 
attributed to lack of exercise and other factors incident to indoor 
conditions. By changes in the diet or by outdoor conditions we 
have as a rule been unable to cure completely birds thus affected, 
although some throve fairly well while remaining permanently 
anatomically defective. Nevertheless a few of the experimental 
chicks continued to grow under the supposedly adverse conditions 
of caging and diet, ultimately gaining a weight of more than 1,250 
gm. The appearance of two such birds is shown in the photo- 
graphs taken at the age of 164 days and 1,278 (2) and 1,267 (<7) 
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em. of body weight respectively. Chicken 44 @ laid eggs after 
178 days of age. The male bird, No. 57, reached a stage of de- 
velopment at which it crowed like an adult. 

Despite the small proportion of the experimental birds which 
erew as well as did those here pictured, the success already 
achieved in the absence of dietary factors hitherto assumed to be 
essential for the growth of chickens, and also under supposedly 
adverse conditions of housing, encourages us to believe that all of 
the essentials for the nutrition and adequate growth of chickens 
under laboratory conditions can be ascertained, and that these 
will be controllable in much the same way as has proved possible 
in the case of other animals. The question of “roughage,” suit- 
able salts, proteins, and food hormones needs to be approached 
from new angles in the case of species that have characteristics 
of digestion and metabolism and structural requirements some- 
what different from those of most mammals. 


EXPLANATION OF PLATES. 


PLATE 4, 


Figs. 1 and 2. Photographs of Rhode Island Red Chickens 5 f# and6¢ 
(shown at an earlier age in our paper)? at the age of 322 days. They 
weighed between 6 and 7 pounds each. 


~ 


PLATE 5. 


Fies. 8 and 4. White Leghorn Chickens 11 @ and 12 9? raised in the 
laboratory without green food from the age of 3 weeks. The photographs 
show them at an age of 271 days when they weighed 3.3 and 2.5 pounds 
respectively. . 


PLATE 6. 


Fras. 5 and 6. White Leghorn Chickens 44 9 and 57 & raised in the 
laboratory without green food from the time they were a day old. The 
photographs show them at the age of 164 days when they weighed 2.8 
pounds, each. 
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(Osborne and Mendel: Chickens in confinement.) 
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THE EFFECTS OF ELECTROLYTES ON GELATIN AND 
THEIR BIOLOGICAL SIGNIFICANCE. 


II. THE EFFECT OF SALTS ON THE PRECIPITATION OF ACID 
AND ALKALINE GELATIN BY ALCOHOL. ANTAGONISM. 


By W. O. FENN. 
(From the Laboratory of Plant Physiology, Harvard University, Cambridge.) 


(Received for publication, January 14, 1918.) 


In a previous paper! the writer described a method for study- 
ing the effects of electrolytes on gelatin which was found ,to pos- 
sess many advantages. It consisted essentially in adding 95 per 
cent alcohol to 5 cc. of a gelatin-electrolyte mixture until an 
opaque precipitate was produced. The number of cc. of alcohol 
required to produce this precipitate was referred to as the ‘‘alco- 
hol number” of gelatin. It can be quickly and accurately deter- 
mined and is surprisingly sensitive to small variations in the 
electrolyte content. 

The separate effects of acids, alkalies, and salts on the alcohol 
number of gelatin have already been described. The present 
paper deals with the effect of salts when combined with acids and 
alkalies. The effect of mixtures of two salts will form the subject 
of a later paper. 

There is need in biology for a complete knowledge of the 
equilibrium between salts and acid proteins or alkaline proteins, 
especially in view of the antagonistic action of salts and acids 
in their effects on organisms, as described by Loeb,? by Osterhout? 
and by others. Thereis no evidence of antagonistic action between 
salts and alkalies in biological work, so far as the writer is aware. 
Instances of antagonism between salts and both alkalies and acids 
are, however, numerous in investigations on the physical chem- 
istry of protein solutions. 


1 Fenn, W. O., J. Biol. Chem., 1918, xxxiii, 279. 

2 Loeb, J., Arch. ges. Physiol., 1899, Ixxv, 308. Loeb, J., and Waste- 
neys, H., Biochem. Z., 1911, xxxili, 489; 1912, xxxix, 167. 

3 Osterhout, W. J. V., J. Biol. Chem., 1914, xix, 517. 
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Thus Pauli‘ found that anions were most effective in counteracting the 
effects of acids on the coagulation temperature of egg white. Pauli and 
Handovsky® reported that anions were about equally effective in decreas- 
ing the viscosity of alkaline albumin, while the bivalent cations were 
more effective than the monovalent cations. Pauli® concluded that acids 
and alkalies ionize proteins and that neutral salts prevented this ioniza- 
tion. Hopkins and Savory’ investigated the action of salts on the Bence- 
Jones protein from pathological urine. The protein coagulates at 55°C. 
but dissolves again at 100°C. in the presence of salts. The following re- 
lations obtained for this effect of the salts: CaCl, >Na,SO, in acid solu- 
tion, NazSO, >CaCl, in alkaline solution, and Na,SO, = CaCl, in neutral 
solution. Chick and Martin’ added neutral salts to acid and alkaline gela- 
tin and found a lowering of the H and OH concentration respectively by 
measurements with a concentration cell. In acid albumin the polyvalent 
anions were most effective in this respect; in alkaline albumin, the poly- 
valent cations. Fischer? measured the swelling of gelatin in the pres- 
ence of acid-salt mixtures and found that the effectiveness of the anions 
in hindefing swelling by HCl increased in the order of the lyotropic series, 
while the effectiveness of the cations increased with the valence. NaCl 
was found to antagonize both acids and alkalies. The most important 
step in reaching an understanding of the antagonism between salts and 
acids was made by Procter!® who investigated the HCl-NaCl-gelatin 
equilibrium in order to throw light on the strong dehydrating action of 
NaCl when used by tanners on the acid tissues of hides. 

In the baking industry it is commonly understood that a flour with a 
high percentage of ash gives a stronger gluten in baking than one with a 
low percentage. This is attributed to the action of the salts of the flour 
in antagonizing the weakening effect on the gluten of the acids of fer- 
mentation. Hard water is also known to give a stronger gluten for the 
same reason. Salt is often added to overfermented dough to ‘‘neutralize’’ 
its acid. This fact has been established by Wood and Hardy.}! 

Other instances of antagonism between acids and salts will be given 
in a later paper on the precipitation of proteins in mixtures of electrolytes. 


From the writer’s experiments the following conclusions can be 
drawn concerning the antagonistic effect of salts on acids and 
alkalies in gelatin. 


4 Pauli, W., Beitr. chem. Physiol. u. Path., 1907, x, 53. 

5 Pauli, W., and Handovsky, H., Biochem. Z., 1910, xxiv, 239. 

6 Pauli, Z. Chem. wu. Ind. Kolloide, 1910, vii, 241. 

7 Hopkins, F. G., and Savory, H., J. Physiol., 1911, xlii, 189. 

® Chick, H., and Martin, C. J., Kolloidchem. Bethefte, 1913, v, 49. 

® Fischer, M. H., Kolloid-Z., 1915, xvii, 1. 

10 Procter, H. R., J. Chem. Soce., 1914, cv, 3138: Procter; Hy Raaana 
Wilson, J. A., ibid., 1916, cix, 307. ; 

11 Wood, T. B., and Hardy, W. B., Proc. Roy. Soc., Series B, 1905, 
Ixxxi, 38. 
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1. Salts with monovalent ions (like NaCl) decrease the effect 
of both acids and alkalies in gelatin. 

2. Salts with bivalent (like CaCl.) or trivalent cations. de- 
crease the effect of alkalies on gelatin but increase the effect of 
acid, except in high concentrations of salt or acid, where the 
effect is decreased. : 

3. Salts like Na,SO, with bivalent or trivalent anions de- 
crease the effect of acids on gelatin but increase the effect of 
alkalies, except in high concentrations, when the greater the con- 
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Fiag. 1. Curves showing the effect on’ the alcohol number (ordinates) of 
increasing concentrations of acetic acid (abscisse) in gelatin dissolved in 
water (control) and various sodium salts, all 0.125 m. The sodium salts 
antagonize the effect of the acetic acid and make precipitation by alcoho! 
possible even in strong acetic acid. (See Table I.) 


centration of either salt or alkali, the less the alcohol necessary 
for precipitation. | 
The effect of various sodium salts on gelatin plus acetic acid is 
illustrated in Fig. 1 and Table I. Acetic acid alone entirely 
prevents the precipitation of gelatin by alcohol except in com- 
paratively low concentrations. In the presence of sodium salts, 
0.125 mM, however, precipitation by alcohol is possible even in 
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high concentrations of acetic acid. NaCl, for example, has, 
therefore, decreased the effect of acetic acid on the alcohol num- 
ber of gelatin. But acetic acid has increased the effect of NaCl. 
Is this, then, a case of antagonism? 

Osterhout has defined two electrolytes as antagonistic when 
their combined effect is less than the additive effect, the additive 
effect being the effect of the combination if each salt acts inde- 


TABLE I. 


Antagonism between Acetic Acid and Sodium Salts in Their Action on the 
Precipitation of Gelatin by Alcohol. 


Concentra- Ce. alcohol to precipitate in gelatin plus 
tion 
of acid. H20 NaCl NaNOs3 Na acetate. Naz2SOu Na citrate. 
M 
4.17 No. ppt. 16.2 14.35 13 4.7 9.3 
2.08 ¥ 15.4 15.4 12.0 6.1 9.0 
1.04 He “s 14.4 13.9 10.4 6.6 8.2 
0.52 % 12.8 12.4 9.0 6.8 ries! 
0.26 14.35 11.2 10.9 7.9 6.9 7.4 
0.13 10.95 9.75 9.55 Toe 7.0 7.9 
0.065 8.85 8.8 8.6 7.0 7.1 7.8 
0.032 1,8 7.9 7.8 6.8 Ven 8.0 
0.016 6.15 | 
0.008 9.15 
0.004 4.5 
0.0 4.25 6.85 6.75 7.0 Al 8.7 


The first column shows the concentration of the acetic acid in the gela- 
tin before adding alcohol. The succeeding columns show the number of 
cc. of 95 per cent alcohol which were necessary to produce a precipitate 
in 5 cc. of the acetic acid solution plus H.O-gelatin, NaCl-gelatin, etc. 
In all cases the salt concentration was kept constant at 0.125 mM, while the 
concentration of acetic acid varied. 3 per cent gelatin B was used through- 
out, and all the tubes stood over night at 26°C. before adding alcohol. 
The results of two determinations were averaged for each point. (See 
Fig. 1.) 


pendent of the presence of the other.2 This is of course the 
ideal criterion for antagonism. In the case of gelatin, however, 
it is frequently not easy to apply because the effects of the vari- 

2 For criteria of antagonism in biological work and the determination 


of the additive effect see Osterhout, Bot. Gaz., 1914, lviii, 178; 1915. lx, 
228. 
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ous electrolytes when each is used alone are quite different and 
their dilution curves are so dissimilar that the additive effects are 
difficult to determine. When the additive effect is not known, 
it is safe to say that antagonism exists if the observed effect is less 
than that produced by the most strongly acting electrolyte in the 
absence of the others (and in the same concentration in which 
it exists in the combination). When the observed effect is 
greater than this, there may still be some antagonism but it is 
very slight. This criterion will, therefore, be used throughout 
this paper in determining’ whether or not two electrolytes are 
antagonistic in their effects. 

Returning to Fig. 1, the conclusion may be drawn that acetic 
acid is antagonized by sodium salts, the bivalent SO, ion and the 
trivalent citrate ion being most effective, and the acetate, which, 
like the citrate, yields an alkaline solution by hydrolysis, being 
more effective than the nitrate or chloride. 

This experiment. (Fig. 1) was designed to elucidate by means 
of gelatin an experiment of Loeb,” where 0.125 ™m sodium salts 
was found to prevent the penetration of acetic acid into the egg 
of Fundulus. The order of effectiveness found by Loeb was 
SO.> acetate, Cl> NO. 

The relations of NasSO, to acid and alkaline gelatin are illus- 
trated in Fig. 2. In this experiment the effect of increasing 
concentrations of NaeSQ, on gelatin dissolved in HCl, NaOH, 
and water was determined by the alcohol method. The effect of 
Na,SO, on gelatin plus HCI is found to pass through a minimum. 
This minimum is probably an isoelectric point due to the neutrali- 
zation of the effect of the H ions by the SO, anions. The pro- ~ 
portions of SO, to H at this point are as 100:30. Antagonism 
is shown by the fact that the combined effect of NagSO, and 
HCl at the minimum is less than that of the HCl alone. NagSO, 
and HCl are, therefore, antagonistic in their effects on gelatin, at 
least in certain concentrations. 

The effect of NasSO, on gelatin plus NaOH is seen (Fig. 2 and 
Table II) to pass through a maximum and subsequently fall off. 
The effect of Na:SO. alone is shown in the dotted line. At no 
point is the combined effect of NasSO, and NaOH less than the 
effect of either alone. Therefore in low concentrations at least 


18 Loeb, J. Biol. Chem., 1915, xxiii, 139. 
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Fig. 2. Curves showing the effect of increasing concentrations of 
NaSO, (abscissee) on the alcohol number of gelatin plus NaOH 0.015 m, 
HCl 0.013 m, and water (dotted line). The proportions of SO, to H at the 
minimum of the HCl curve are 100: 30. Na,SO, is antagonistic to HCl 
but not antagonistic to NaOH in small concentrations. (See Table II.) 


TABLE II. 
Effect of NazSOx4 on the Alcohol Number of Gelatin plus HCl and NaOH. 


ce eaten Ce. alcohol to precipitate in gelatin plus 


NazSOs. 
H20 HCl, 0.013 m NaOH, 0.015 m 
M 
0.5 
0.25 
0.125 
0.0625 
0.0312 
0.0156 
0.0078 
0.0039 
0.00195 
0.00097 
0.00048 
0.0 
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3 per cent gelatin C which stood over night at 26°C. before adding 
alcohol. Gelatin C is not so pure as gelatin B. Other details as in Table 
I. (See Fig. 2.) 
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NaOH and NapSO, are not antagonistic. Their relations in higher 
concentrations are like those for Na; citrate and NaOH in Fig. 3. 

To determine the effects of higher concentrations of Na; citrate 
and NaOH on gelatin, the effect of increasing concentrations of 
Nas; citrate was determined for gelatin made up in water, and in 
six concentrations of NaOH. The results for four of these con- 
centrations and for water are plotted in Fig. 3 (see Table III). 
The: concentrations of Na; citrate used are plotted on the ab- 
scisse and the concentrations of NaOH simultaneously present ‘ 
in the gelatin are inserted on the curves. In the concentrations 
of NaOH chosen, no precipitate could be produced with alcohol 
unless Na; citrate was also present in sufficient amount. The 
more Naz citrate there is present the easier it is to precipitate. 
This shows antagonism. At points A and B, moreover, the com- 
bined effect is less than the effect of either Naz citrate or NaOH 
alone in those concentrations. An examination of the ordinates 
at B shows that small amounts of NaOH increase the alcohol 
number of gelatin plus Na; citrate, but larger amounts decrease 
it. This is in agreement with the fact that small amounts of 
NaOH hinder the precipitation of gelatin by NasSO, and Nas 
citrate, while larger amounts favor it.4 Conversely, it may be 
inferred from this figure, taken in conjunction with the expéri- 
ments in Fig. 2, that small amounts of Na,SO, or Nas citrate 
increase the aicohol number of gelatin plus NaOH, while higher 
concentrations decrease it. 

From this experiment the conclusion may therefore be drawn 
that NazSO, and NaOH are not antagonistic in weak concentra- 
tions (of both) but that they are antagonistic in higher concentrations. 

In Fig. 4 and Table IV are shown the effects of increasing con- 
centrations of CaCl, on the alcohol number of gelatin dissolved 
in water, NaOH, and acetic acid. In NaOH, the curve passes 
through a sharp minimum. This is due in part at least, to the 
formation of Ca(OH):, a small amount of which precipitated. 
It is probable that there is also some residual antagonistic effect 
upon the gelatin. In their relations to alkaline gelatin MgCl, 
and AICI, behave like CaCl, the curves passing through similar 
minima. In acid gelatin, however, MgCl, behaves more like 


14 Figures for this will appear in a subsequent paper on the precipita- 
‘tion of gelatin by mixtures of electrolytes. 


II 


Effect of Electrolytes. 
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NaC] because it fails to give the sharp maximum which CaCl, 
gives in its effect on acetic acid-gelatin, as shown in Fig. 4. 

A sharp maximum like that shown for CaCl plus acetic acid 
has been shown to be characteristic of the effects of acid alone 
on the alcohol number of gelatin. It is not found in the pure 
CaCk curve as’ shown by the dotted line. Furthermore, an ex- 
amination of these curves reveals the fact that at no point is the 
combined effect of CaCl. and acetic acid less than the effect of 
either CaCl, or acetic acid alone. CaCl, and acetic acid, at 
~ least in small concentrations, are not antagonistic in their effects. 


TABLE III. 


Effect of Sodium Citrate on the Alcohol Number of Gelatin plus NaOH. 


Conenerhs Ce. alcohol to precipitate in gelatin plus NaOH. 

tion o 

Nascitrate.! 99 4 | 0.0235m [ 0.047 0.094 0.127 u 0.254 u 0.508 u 

M 

0.28 5.4 7.0 6.5 G0 6.6 6.1 5:6 
0.14 8.8 9.7 9.6 8.9 8.9 4.9 7.1 
0.07 10.0 14.7 foo7- 12.4 13.6 L007 9.4 
0.035 10.9 24.4 22.0 17.8 16.5 ‘14.6 12.6 
0.0175 | 11.5] No ppt.] 30.0+) No ppt.| 22.7 22.8 17.8 
0.0087 | 10.7| “ “ |Noppt.| “ “ | 32.0+] 30.0 30.0 
0.0043 ; hive Ge Sa eNoippt.-No ppte) No ppt: 


0 0 4. 5 ¢¢ “ “ce cc (79 “ (<3 (<9 (<9 “ce iT (<4 


2 per cent gelatin A for 15 to 20 hours at 30°C. before adding alcohol. 
Other details asin Table I. (See Fig. 3.) 


In higher concentrations of CaCl, however, it is antagonistic 
to acids. Thus Fig. 5 and Table V show that acetic acid com- 
pletely prevents the precipitation of gelatin by alcohol in con- 
centrations greater than 0.1 m (see dotted line in the H2,O curve) 
but that when CaCl, 1.5m is also present, precipitation is pos- 
sible even in high concentrations of acetic acid. A comparison 
of this result with the acetic acid curves in gelatin plus sodium 
salts (Fig. 1) shows that although CaCl, does antagonize acids 
it is very much less effective in this respect than are the sodium 
salts, particularly those with polyvalent anions, 

In low concentrations, therefore, CaCl, 1s not antagonistic to 
acids but in higher concentrations tt 1s. 
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This experiment is of particular interest from the biolegical 
point of view, since Loeb® has found that the effectiveness of 
cations in hindering the penetration of acetic acid into the egg of 
Fundulus increases with the valence, and this result is contrary 
to the suggestion that antagonism is due to oppositely charged 
ions. While this result cannot be paralleled in gelatin by the 
alcohol method, the experiment recorded in Fig. 5 shows with- 
out a doubt that antagonism between acids and salts with biva- 


CC. ALC. TO PPT. 


25 4 ACETIC ACID .074 M 
.037 M 
64) wf oe ee ee 
4 H20 
ft 
NaOH .015 M 

5 

0 | ws | 4M 


CaClo == =a 


Fig. 4. Curves showing the effect of CaCl, on the alcohol number of 
gelatin plus NaOH and acetic acid. CaCl, is antagonistic to NaOH but 
not antagonistic to acetic acid. (See Table IV.) 


lent cations is possible in gelatin. The writer has also found 
that CaCl 1.5 m will antagonize HNO; and AICI; in the same way. 

Fischer’ has found, in studying the swelling of gelatin in acids, 
that the effectiveness of cations in hindering this swelling in- 
creases with the valence of the cation. Thus he found that 
FeCl; hinders swelling in HCl more than CaCl. This is in ac- 
cord with Loeb’s results but is the reverse of the evidence so far 
obtainable by the alcohol method, where no indication of antag- 
onism between HCl and AIC]; has as yet been found. As it is 
impossible to follow the effects of ‘HCl and AlCl; by this method, 


15 Loeb, J. Biol. Chem., 1916, xxvii, 365. 
16 Fischer, (idema and N ephritis, New York, 2nd aiition: 1915. 
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TABLE IV. 
Effect of CaCl, on the Precipitation by Alcohol of Acid and Alkaline Gelatin. 


In acetic acid.* In NaOH.}j 


Ce. alcohol to precipitate in 


gelatin plus Ce. alcoho! to 


Concentration of Concentration of | precipitate in 


aCle. , : aCle. gelatin pius 
ee et MS ne NaOH, 0015 x 

M M yk Se 
1.5 15.6 16.4 0.25 9.9 
0.75 16.0 17.0 0.125 9.1 
0.375 16.7 17.8 0.0625 7.8 
0.188 17.2 18.5 0.0312 6.2 
0.094 Leo 19.5 0.0156 5.2 
0.047 18.8 21.5 0.0078 5.1 
0.024 18.6 Def OM 0.0039 6.3 
0.012 16.9 27.7 0.00195 7.6 
0.006 13.8 Fig 0.00097 8.4 
0.003 11.4 14.3 0.00048 9.1 
0.0 8.65 10.6 0.0 LEO 


*2 per cent gelatin A for 24 hours before adding alcohol. 
+3 per cent gelatin B for 15 hours at 26°C. 


The NaOH and the acetic acid curves are not strictly comparable but 
as they are so different there is no confusion in plotting them together. 
Gelatin B was not so pure a grade of commercial gelatin as gelatin A. 
Data for the effect of CaCl, on pure gelatin are given in Table II of the 
first paper of this series and are plotted with the data of this table in 
Fig. 4. Other details as in Table I. 


except in very low concentrations, it is possible. that some 
antagonism exists. AICI; is certainly less effective in this respect, 
however, than CaCh., 

In this connection, reference should be made to the conclu- 
sions of Chick and Martin!” concerning the effects of acids and 
alkalies on salts in albumin solutions. They found that small 
amounts of NaOH and HCl hindered the precipitation of albu- 
min by NaSO, and CaCl. respectively, but larger amounts 
favored it. | 

17 Chick and Martin, Biochem. J., 1913, vii, 380. 


4 


CC ALCO. 2P Pa. CC. ALC. TO PPT. 
GEL. IN H20 


20 10 \ GEL. + NaOH .01I5M 


GEL.+ CaClz 1.5M 


15 


ARGRIOE ING ELO 


10 


0 2M 0 7 2M 
ACETIC ACID-——> | Naci ——> 
Fia. 5. Fia. 6. 


Fic. 5. Curves showing how strong concentrations of CaClk (1.5 m) 
make precipitation of the gelatin by alcohol possible even in high con- 
centrations of acetic acid. This shows antagonism. (See Table V.) 

Fic. 6. Curves showing the effect of NaCl on H,O-gelatin (dotted line) 
and NaOH-gelatin. Antagonism is shown by the drop of the NaOH curve. 
(See Table VI.) 

TABLE VY. 
Antagonism between High Concentrations of CaCl, and Acetic Acid. 


Acetic acid.* | Acetic acid in gelatin plus CaCle 1.5 Mj 
Concentration of Ce. alcohol to Concentration of Ce. alcohol to 
acetic acid. precipitate. acetic acid. precipitate. 
M M 
0.138 No ppt. 4.17 19.3 
0.065 1S) 2.08 21.4 
0.033 9.25 1.04 pi a 
0.016 7.08 0.52) 2 20.7 
0.008 6.85 0.26 2 hig OARS 
0.0 4.95 0.13 18.2 
| 0.065 1 teen 
0.0325 15.7 
0.0162 Tan 
0.008 14.1 
0.004 13.7 
0.0 lone 


*2 per cent gelatin A over night at 31°C. ° 

+2 per cent gelatin A. Temperature regulator broke and the tem- 
perature varied; therefore it was not strictly comparable. Other details 
as in Table I. (See Fig. 5.) 
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The effect of NaCl on gelatin dissolved in NaOH is shown in 
Fig. 6 and Table VI. The effect of NaCl on pure gelatin is a 
gradual increase in the alcohol number, as shown by the dotted 
line. Its effect on gelatin made up in NaOH, 0.015 M, is to de- 
crease the alcohol number until a minimum is reached, after 


TABLE VI. 


Antagonism between NaCl and NaOH in Their Effects on Gelatin. 


Ce. alcohol to precipitate in gelatin plus 
Concentration of NaCl. 


H:2O NaO8, 0.015 m 
M 
0.25 8.0 8.45 
0.125 ; 6.85 8.05 
0.0625 6.15 78 
0.0312 8.1 
0.0156 9.0 
0.0 4.4 10.4 


3 per cent gelatin B. Stood over night at 26°C. before adding alcohol. 
Other details as in Table I. (See Fig. 6.) 


which the alcohol number increases gradually as in the pure 
NaCl curve. This shows antagonism because the combined 
effect of NaOH and NaCl is less than the effect of one of the 
electrolytes (NaOH) alone. 


SUMMARY. 


1. Monovalent salts (like NaCl) are antagonistic to both acids 
and alkalies in all concentrations. 

2. Salts with bivalent cations (like CaCl.) are antagonistic to 
alkalies but not antagonistic to acids (except in high conceh- 
trations). 

3. Salts with bivalent anions (like NagSO.) are antagonistic to 
acids but not antagonistic to alkalies except in high concentra- 
tions when the greater the concentration of either alkali or salt, 
the less the alcohol necessary for precipitation. 


THE EFFECT OF POTASSIUM BROMATE UPON 
ENZYME ACTION. 


By I. S. FALK anp C.-E. A. WINSLOW. 
(From the Department of Public Health, Yale School of Medicine, New Haven.) 


(Received for publication, November 14, 1917.) 


One of the most recent important advances in the practical 
art of breadmaking has been the introduction into the dough of a 
mixture of mineral nutrients known as Arkady Yeast Food.! 
This material, which was devised in the laboratories of the Mellon 
Institute of Pittsburg, includes salts of calcium and ammonium 
and a minute amount (1 part in 200,000) of potassium bromate. 

The functions of calcium and ammonium as yeast foods are 
fairly well understood; but the reasons for the favorable action 
of the bromate remained somewhat obscure. It seemed possible 
that this salt might exert a specific stimulating action upon the 
proteolytic enzymes active in the fermentation. It had been 
shown by Chittenden and his associates? that bromides in certain 
dilutions had a marked accelerating effect on the action of ptyalin, 
pepsin, and pancreatin. Wohlgemuth? noted the same effect 
on ptyalin and pancreatin. More recently Thomas‘ reports a 
strongly stimulating influence of bromides upon amylase; and 
Robertson® in an exhaustive study of the action of trypsin on 
casein notes a stimulating action of potassium bromide. On the 
other hand, Senter,® and Battelli and Stern,’ and Jappelli® found 


1 Allen, R. M., Baker’s Weekly, 1916, xviii, 31. 

2 Chittenden, R. H., and Painter, H. M., Tr. Conn. Acad. Aris and Sc., 
1885-88, vii, 60. Chittenden, R. H., and Allen, S.E., zbid., 84. Chitten- 
den, R.H., and Cummins, G. W., zbid., 108. - 

3 Wohlgemuth, J., Biochem. Z., 1908, ix, 10. 

4Thomas, A. M., J. Am. Chem. Soc., 1917, xxxix, 1501. 

> Robertson, T. B., J. Biol. Chem., 1906-07, 11, 317. 

6 Senter, G., Z. phystkal. Chem., 1903, xliv, 257. 

7 Battelli; F., and Stern, L., Arch. internat. Physiol., 1907, iv, 465. 

8 Jappelli, A., Atti XXII cong. med. int. Roma, 19138, 405. 
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that oxidizing enzymes were inhibited by bromides. All these 
investigations were made with rather strong concentrations of 
salts; and nothing, so far as we are aware, has been published 
on the question of the action of bromates upon the enzymes, tryp- 
sin and pancreatin. An investigation of this point was there- 
fore undertaken at the request of the Ward Baking Company of 
New York. 


Effects on Trypsin. 


The technique of the trypsin experiments was as follows: A 
buffer solution was prepared, made up of 40 cc. of 0.067 mM KzHPO,, 
10 cc. of 0.067 Mm KH2PO,, and 50 ce. of water; pH value 7.1. 
Definite amounts of casein and trypsin were added as stated in 
the protocol of the individual experiments, and to a series of 
bottles of the resulting solution were added varying amounts of 
potassium bromate. The bottles were then incubated at 37°C. 
for the periods stated in the protocols. 

At the end of the incubation period the amino-acid content of 
each bottle was determined by the following method, and the ex- 
cess produced by the action of the trypsin found by subtracting 
* the amino-acid content of a control containing casein alone. 
Each bromate dilution was tested in triplicate. 


Method of Titration. 


1. Add phenolphthalein to incubated solution. 


2. Add Ba(OH),. (saturated solution) to deep red color—removal of 
phosphates. 


3. Pour into graduated cylinder. 
4, Rinse incubation bottle with small quantity of distilled H.O. Pour 
rinsings into cylinder. 

5. Make up to 100 ec. with distilled H.O. 

6. Filter through paper into bottle. 

7. Measure off 50 cc. of filtrate and pour into cylinder. 

8. Neutralize to faint pink with 0.2 n HCl. 

9. Add 0.2 n NaOH to desired+titration color. 
10. Add 15 cc. of neutralized HCHO. 

11. Titrate with 0.2 n NaOH to same color as in (9). 


12. Express results in terms of cc. of 0.2 N NaOH to neutralize after 
addition of neutralized HCHO. 


In a series experiment, preserve control by addition of CHCl, 
and keeping in a dark place. 
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The results of check determinations in this experiment were a 
little irregular, but the tubes containing 1 part of bromate in 
100,000 showed a significant increase in digestion. 


Experiment II.—June 16, 1917. 2 gm. of casein, 0.4 gm. of Merck’s 
trypsin, per 100 ce. of solution. Digestion period, 43 hours. 


Titration of 50 ec. 


Increase in amino- 
acids during diges- 
tion. “Ces! 0:2. -N 
NaOH to neutra!- 
ize. 


Solution. 


Buffer + casein + trypsin. 5.9% Dnt 
6.2 

‘ ‘<6 ‘< + KBrO; 1: 10,000 | 6.4 6.1 
5.8 
Ree 

‘ «6 ae “1: 50,000 5.9 5.9 
6.0 
6.6 

73 “ 6c“ 73 1: 100,000 632 Svs 
6.0 

6.4 | 

‘ « as fe Le8200,006 6.7 6.8 

tee: 


Gaz 
“ ‘ ‘ “ 1: 300,000 6.20 
5.8 


« « « =e L500, 000 6.0 5.6 


The results of this experiment again show considerable indi- 
vidual variations, but with higher amino-acid contents at bro- 
mate concentrations of 1 in 100,000 and 1 in 200,000, the latter 
being most marked. 
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Experiment I1I.—June 29, 1917. 2 gm. of Merck’s casein, 0.1 gm. of 
Fairchild Brothers and Foster’s trypsin, per 100 ce. Digestion period, 34 
hours. 


Titration of 50 ce. 


: Increase in amino- 
Solution. _ acids during diges- 
tion. Ce. 0.2N 
NaOH to neutral- 

ize. 


Buffer + casein + trypsin. 


bo bo bo 

oo ff 
aD 
— 


‘ «“ és + KBrO;1: 10,000 


bo bo bo 
“In 
i) 
~] 


Ww Ww 
Ww Ww 

(o) 

oo 


“ce << “cc 6c 1 : 50,000 


et) 


WwW &w 
kt OD 
(se) 
= 


¢é 73 (T3 (73 il : 100,000 


OO 
fer) 


i=) 


: ‘ Sp ert 150,000 


Hq Or pe 
lm 0 
ae 
cn 


Hm bo 
| oop) 
Go 
ea 


sé Clr" “c cc it : 200,000 


[s) 
on 


bo 
aJ 


bo 0 
SS iss) 


77 73 73 cc 1: 500,000 


bo 
Or 


In this experiment the digestion increases regularly with de- 
creasing amounts of bromate to a concentration of 1 part in 150,000 
and then decreases again with further dilution of the salt. Here 
as in other experiments it appears, however, that even certain 
high concentrations of bromate (1 part in 10,000) are rather 
favorable than otherwise to the process of enzyme action. 
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Experiment IV.—July 138, 1917. 2 gm. of Merck’s casein, 0.2 gm. of 
Fairchild Brothers and Foster’s trypsin, per 100 cc. Digestion period, 3 
hours. 


Titration of 50 ec. 


’ |Increase in amino- 


Solution. acids during diges- 
tion. Cc. 0.2 n 
NaOH to neutral- 
1Z€-6 
| Aaill 
Buffer + casein + trypsin. 4.85 ~.75 
Zot 
2.8 
«“ © + KBrO; 1: 100,000 3:0) o30 
3.1 
. 3.25 
te « « “ 1: 120,000 Bak Se 
. 4.4 
3.89 
« re : 1: 140,000 3.3 3.6 
3.6 
4.1 
“ “ “ ee 1: 160,000 4.25 4.15 
4.1 
4,25 
“ « “ 662 1:180;000 4.0 4.15 
4.2 
5.5 
«6 ‘“ « eet 200,000 | 5.8 5.7 
5.8 
4.9 
« « ¢ 4 1: 250,000 45 7420 
4.0 


Again the result is an increase of enzyme action under the in- 
fluence of bromate up to a concentration of 1 part in 200,000. 
In both these last experiments the digestive action was more than 
doubled by the stimulating effect of the bromate. 
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Effects on Pancreatin. 


The influence of bromate upon the action of pancreatin was 
next studied in the same way. The buffer solution in this case 
was made up with 50 cc. of 0.067 m K,HPQu,, 17.5 ec. of 0.2 nN 
NaOH, and 82.5 ce. of water, giving an initial pH value of 10.8. 
The titration method was the same as outlined above. 


Experiment V.—July 30, 1917. 3 gm. of Merck’s casein, 0.5 gm. of 
Merck’s pancreatin, to 100 cc. Digestion period, 53 hours. 


Increase in amino-acids in 25 


Solution. cc. Cc.0.2 Nn NaOH to 
neutralize. 
Buffer + casein. 

(73 6“ wa ' 0.85 
«“ « + pancreatin. 4.00 

“ “ “ ; 4.20 3.95 
: “ ‘c 3.70 

‘“ “e «+ KBrO; 1: 100 3.90 

‘ ‘ 66 Ce 3.45° 3,95 
‘< “ 6c 66 4.45 

‘“ <3 ‘“ Ss 1: 500 3.85 

“« ‘“ “ “ 3.60 3.60 
“ ‘< 73 6c 3407” 

“ “ “ 6c ie 1,000 2.70 

‘“ “ “ a 3.10 3.00 
(73 66 “ (15 3.10 

‘ « “ “ 1; 10,000 3.70 

“ “c 66 OS Oro OU 
“ “ 6 6 3.50 


This experiment appears to indicate that bromate in strong 
concentrations (1: 100 to 1: 10,000) exerts an inhibitive action 
upon pancreatin. | 


Experiment VI.—July 30, 1917. 3 gm. of Merck’s casein, 0.5 gm. 
Merck’s pancreatin, to 100 cc. Digestion period 4 hours. 


Increase in amino-acids in 25 


Solution. cc. Ce. 0.2 Nn NaOH to 
neutralize. 

Buffer + casein. 0.80 

(G ce 

‘“ ‘« + pancreatin. 2.95 

“ «cc oe 2.75. 2.90 

“ 6c ec 2.95 

éé ey, «“ + KBrO;1: 200 2.85 

« cc £6 hee 2285 - Beau 

«ss rT; as & 2.80 

‘ “ —& 1: 400 2.40 

« “ “é “s 2.60 2.50 

‘ 3 ae Zoo 

‘ “ “ eee ECOG 2.10 

‘ “ “ec ; ‘i: 22 35° 2225 

“ ‘ “ re 2.30 

“ “ ks a 1 50,000 2.60 

és i; ¢¢ e 2.. 35 3245 

(a4 ¢ ce os 2.40 

66 ‘“ oe “* 1: 100,000 2.90 

i i NE “ 2.65 2.60 

‘e “ cc cs 2.60 

“ “ “ > 11505000 3.00 

« ce ‘ o¢ £6 ono 2.95 

“6 6c 5 ibs 2°15 

‘ “ “c “<1: 200,000 3.46 

& “ “ sé 3.50 3.70 

ee “ “ ay 4.10 

“ “ec €é 1: 250,000 3.30 

a3 “ 6 Oe oat Ol00 

“ (14 6c 6c 3.55 


Again the stronger bromate solutions (1: 200 to 1: 100,000) 
appear to inhibit the action of the enzyme, while higher dilu- 
tions (1: 200,000 and 1: 250,000) show a distinct increase in 
digestion products. ; 
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Experiment VIJ.—Aug. 10, 1917. 2 gm. of Merck’s casein, 0.5 gm. of 
Merck’s pancreatin to 100 cc. In this experiment large portions of the 
solution (95 cc.) were put up in bottles and inecybated for 24 hours, bacterial 
action being held in check by 5 cc. of toluene on the surface of the liquid 
in each bottle. The bottles were shaken every 10 minutes for the first 4 
hours. 


Increase in amino-acids in 25 


Salition, ce. Cc. 0.2 nN NaOH to 
neutralize. 

Buffer + casein. . | 0.90 

“cc (<3 0.90 0.90 

(v3 « 0.90 

“ = +  palicreatin. 4.75 © 

“ “ “ 4.70 4.70 

“ 6“ “ce 4.70 

(ds | “ “ + KBrO; 1: 100 4.60 

‘ és “ 6 4.50 4.50 

<“ “c “ 66 4.40 

de oh i “ io 1: 500 4.30 

(73 ce e 6e 4.45 4 35 

73 ‘c “ es 4.35 

“6 & “ é 1: 1,000 4.20 

“ ; “ ““ = ee 4.45 4.35 

re) 73 6c 6¢ ; 4°35 

‘ & « os 1: 10,000 4.70 

66 “ oe 4.60 4.70 

a3 66 “ 4.85 

«“ “ a ot 1: 50,000 4.90 

“ ‘ &s 6 4.90 4.90 

& “ Ti “6 4.85 

‘“ “ “c e 1: 100,000 5.30 

‘ “ “ 6 5.385 5.20 

« “ “ 6 4.90 

“ “ “ “ 1: 250,000 4.90 

“ ‘ 66 aC yeas Pea lw 

“ 77 6“ bs 5.10 

é “é eee 5 Me 1: 500,000 4.85 

“ “ “ “ 4.85 4.85 

<< (73 “é 6¢ 4.90 

“ “ Ly 33 1: 1,000,000 4.60 

“ “c “ w 4.50 4.60 

“ (73 “c “ 4.75 
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‘ The same results are again apparent, slight inhibition by 
concentrations of 1: 100 to 1: 1,000, and slight stimulation by 
concentrations of 1: 50,000 to 1: 500,000. 


CONCLUSIONS. 


1. Potassium bromate appears to exert consistently favorable 
influence upon the digestion of casein by trypsin in vitro in the 
dilutions studied, the action being most marked at bromate 
concentrations of 1 part in 100,000 to 1 part in 200,000. 

2. Potassium bromate in concentrations of 1 part or more in 
10,000 appears to exert a slight inhibitive influence upon the 
digestion of casein by pancreatin, while in higher dilutions (1 
part in 200,000 or 1 part in 250,000) it appears to exert a stimu- 
lating action. 


CELL PENETRATION BY ACIDS. 
IV. NOTE ON THE PENETRATION OF PHOSPHORIC ACID. 
By W. J. CROZIER. 


Contributions from the Bermuda Biological Station for Research, No. 83. 


(Received for publication, December 12, 1917.) 
: 

I. Measurements of the relative speeds with which acids penetrate 
protoplasm, as carried out by different observers upon widely different 
tissues containing natural indicators, have shown in general a noteworthy 
agreement with regard to the way in which the various acids are arranged 
in order of their penetrating ability (Harvey, 1914; Crozier, 1916, a, 6; 
Haas, 1916, a). This must indicate some fundamental fact about the or- 
ganization of protoplasm, since some of the relations observed are such 
as might not be predicted. It is, then, of interest to examine an instance 
in which minor disagreement has been found. The agreement referred to 
obtains in acid solutions which are 0.01 N by titration, and it has been 
shown (Crozier, 1916, a, 6) that, owing to the several forms of the penetra- 
tion curves, the sequence of increasing penetrating ability may vary with 
the concentration at which the comparisons are made; and it was pointed 
out that a similar condition obtained with regard to comparisons at any 
one hydrogen ion concentration. Any special influence affecting the de- 
termination of the change of indicator by a particular acid may cause the 
form of its penetration curve to be different with different tissues, accord- 
ing to the variation of this special factor. Thus, among other possibili- 
ties, variations in the composition of the surface layer of the cell, or in the 
‘buffer’? conditions under which the intracellular titration fakes place, or 
variations in the behavior of the different indicators used, might be ap- 
pealed to to explain observed differences in the relative order of penetra- 
tion for different tissues; and it might be expected.that an acid whose salts 
have special significance in connection with protoplasm would be one to 
show characteristic variations from cell to cell. 

Now, Haas (1916, a) found that for one kind of plant material used in his 
experiments, the petals of Browallia, phosphoric acid produced the color 
change signifying penetration more rapidly, at 0.01 nN H™ concentration, 
than did oxalic, tartaric, lactic, citric, or acetic acids; whereas, with the 
perianth cells of a hyacinth, this took place more slowly than in oxalic 
acid. Harvey (1914) observed the penetration of phosphoric acid, at this 
concentration, to occur with about the same speed as malonic or tartaric, 
bus more slowly than with lactic or oxalic. 
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For the utilization of the results of these penetration studies it was 
necessary to know something about the action of this acid upon the surface 
of cells; so experiments were made to determine its behavior with the tissue 
of Chromodoris zebra; the results throw some light upon the factors which 
may cause the apparent speed of penetration by different acids, as ob- 
served by this method, to vary in different tissues. 


II. The technique in these measurements of the penetration 
of o-phosphoric acid was essentially as has previously been 
explained (Crozier, 1916,a, 6). Some observations were repeated 
for certain acids giving penetration curves lying near that of 
phosphoric; these experiments sufficed to show that the curves 
previously published could be relied upon fdr comparison. Two 
series of experiments were made with phosphoric acid, at the same 
time but at different temperatures. The average penetration 
times obtained in the two series, as shown in Table I, differ to 


TABLE I. 


The apparent time required for the penetration of mantle tissue of 
Chromodoris by H;PO, at different concentrations and at two temperatures; 
penetration time in minutes; figures in brackets obtained only in favorable 
cases (about 75 per cent). 


Concentration, normal. 


Temperature. bs DR a ae) oe Sie es rae 
1.34 0.67 | 0.134 | 0.067 | 0.013 | 0.010 | 0.007 | 0.005 
HO min. min. min. min. min. min. 
24.8 220 4.2 ee Col 4114.3: 19120) oe o 
27.0 ey, Died, 4.9 6:0 1.13.0: 7518: Ole a 


a degree which will serve to illustrate the delicacy of the method 
(Fig.1). Observations were made at 27.0° and at 24.8°; the tem- 
perature of the sea water from which the chromodorids had been 
recently obtained was 24—25°. 

Ill. The average apparent penetration times of phosphoric 
acid, from different concentrations, are plotted in Fig. 2. It is 
seen that from low concentrations the penetration appears ab- 
normally slow, in comparison with some other acids; or that the 
increase in speed of penetration with higher concentrations is 
unusually rapid. From Fig. 2 it will be evident that at any par- 
ticular concentration ‘(e.g., 0.01 N) the apparent relative position 
of phosphoric acid in the series will depend upon the intensity of 
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Fig. 1. The apparent penetration of phosphoric acid at two tem- 
peratures. 
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Fig. 2. The apparent penetration of H;PO, compared with that of other 
acids (27.0°). 
465 


466 Cell Penetration by Acids. IV 


the factor responsible for the rapidly increasing slope of its pene- 
tration curve. This factor is probably concerned, in part, with 
differences in the kind and quantity of intracellular materials 
with which the phosphoric acid may react to produce “‘buffer’’ 
substances. Thus in four tissues which are available for com- 
parison, the penetration relations of H;PO, appear as follows (at 
0.01 Nn). 


TABLE II. 
Transition 
Source of tissue. point of Order of apparent penetration. 
indicator. 
pH 
Chromodorts. 5.6 Oxalic, lactic > malonic > tartaric > malic > 
citric > H;PO, > acetic. 
Stichopus. * (8.0?) | Lactic, oxalic > malonic, tartaric, H;PO, > 
malic, citric’ > acetic. 
Browallia.t 6.0-5.0¢) H;PO, > oxalic > tartaric > lactic, citric > 
acetic. 
Hyacinth. t 4.0{ | Oxalic > H;PO, > tartaric > lactic > citric, 
acetic. 


* Harvey, 1914. + Haas, 1916, a. t Haas, 1916, 0. 


These differences appear in further part accounted for by the 
greater density of the Chromodoris tissue. The case of H3PQ, is 
somewhat different from that of caprylic acid, whose penetration 
cannot be observed at all by this method because of its relatively 
low solubility in the aqueous phase containing the indicator, 
although saturated solutions of this acid will produce color change 
in water solutions of the pigment. 

IV. The actual speed of protoplasmic penetration by H3PQO, is 
probably much greater than its apparent magnitude. This is 
shown by the way in which the speed of diffusion rapidly in- 
creases with increasing concentration. In solutions of 0.01 N with 
respect to Ht, Haas (1916, a) observed that this acid penetrated 
about as rapidly as other strong acids (HCl, HNOs), but less 
rapidly than acetic, formic, or lactic acids. At 0.056N total 
concentration, H3PO, solutions are about 0.01 N in hydrogen ions. 
From the curve in Fig. 1 it is seen that at this concentration the ~ 
penetration time of phosphoric acid is 6.4 minutes; under similar 
conditions the figures for several other acids are: HCl, 7.6; HNOs, 
8.4; formic < 1.0; lactic, < 2.0. The inward diffusion of H;POu, 


® 
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at higher concentrations, appears, then, to be somewhat more rapid 
than its ionization would demand. 

The figures in Table I show that at dilutions above 0.01 n the 
penetration of phosphoric acid is not detectable with the tissue 
used. It requires an external concentration of 0.01 N acid to 
affect color transition. In favorable cases it is found that this 
color transition occurs in about 18 minutes. If this limiting con- 
centration is subtracted from all higher concentrations studied, a 
truer idea is obtainable of the real penetrating ability of the acid. 
It is necessary also to subtract from the reciprocal of each ob- 
served penetration time the reciprocal of that for the limiting 
quantity of acid. This reduction is carried out in Table III. 
The same procedure has been used with data previously obtained 
for other acids, and leads to some interesting conclusions; it is 
believed to yield information concerning the primary action of 
acids upon the surfaces or outer layers of cells, and in the case 
of strong acids it can be shown that the peculiarities of their 
relations depend upon reactions with proteins. 


TABLE III. 
The corrected concentrations and speeds of penetration for H;PO, 


1 
(27°). Concentration, N; speed, sath De 10R 277). 


Concentration. 


1,000 
Nominal. Corrected. SAG 
1.34 1.33 398.5 
0.67 0.66 215.5 
0.134 0.124 148.5 
0.067 0.057 111.5 
0.0134 0.0034 20.4 
0.010 — — 
0.007 = a 


Fig. 3 exhibits the penetration relations of phosphoric acid as 
shown in the corrected data (Table III); measurements with HCl 
are included for comparison. The significant feature of these 
curves lies in the fact that they are composed of two straight lines, 
representing the respective predominance of two different proc- 
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23, cas -2 


4) 
Log. conc’ ly. 


Fic. 3. The relation between speed of tissue penetration and acid con- 
centration in solutions of HCl (light line) and H;PO, (heavy line), when 
the formol concentration and apparent time of penetration have been 
corrected for the quantity of acid necessary to induce color change in the 
indicator system studied (27.0°). 


esses. This general result is also obtained with other acids. 
Each part of these plots follows an equation of the form 


1 1 
log {| ——— }= - log (concentration’) — log k 
Poot st n 


(P. T., observed penetration time, P. T.’, corrected penetration 
time, & a constant), which is similar to the Freundlich formula 
for the adsorption isotherm and may in fact be derived from this 
formula by the aid of assumptions such as are commonly made 
in applying it. The curves shown in Fig. 3 have, however, no 
probable reference to adsorption; what they do express is the rela- 
tion between the concentration of acid external to the tissue and 
its ability to force through the tissue a quantity of acid sufficient 
to induce the intracellular color. change. With H3PO, this ability 
increases very Slowly up to a point where the osmotic pressure 
of the acid is adequate rapidly to overcome the resistance to its 
diffusion, which is produced in the tissue by the acid itself; beyond 
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this point the inward diffusion of acid is very rapid, and the 
time for the observed effect is nearly proportional to the dilution 
of the acid. It may be stated here that the temperature co- 
efficient of penetration speed, for this latter portion of the curves, 
is of the order Qio = 2.0, indicating the chemical nature of the 
principal factor governing the penetration (as might be ex- 
pected). The coagulative action of HzPO, is so great that the 
resistance to subsequent diffusion is overcome only very slowly 
until a high concentration of the acid is used. From these facts 
it may be inferred that the primary action of the H;PQ, is more 
intense than that, eg., of HCl (at equal concentration). If 
comparison is made at’a point in the reduced data (Fig. 3) where 
the C,. = 0.01 N, it will be noticed that the H3PO, is slightly 
more active than HCl. These considerations explain why the 
apparent speed of penetration of H3;PO, from higher concentra- 
tions gives a more correct idea of the primary effect of this acid 
upon the tissue used; this is not the case with some other acids. 


SUMMARY. 


V. The relative apparent speed with which H;PO, penetrates 
different tissues is conspicuously modified by the density of the 
cells concerned, and by the proportion of ‘buffer’? substances 
present. When the gross observations of apparent penetration 
time are corrected by consideration of the limiting concentration 
of acid inducing visible color change, it is found that the obser- 
vations for each acid fall upon two intersecting curves of the form: 


1 L 
—— = k (concentration’)n 
ee ( ) 


which does not, however, have reference to adsorption. With 
mantle tissue of Chromodoris the coagulative action of H3PO,:is 
so pronounced that a relatively high concentration must be used 
before there is marked acceleration in the speed with which the 
quantity of acid sufficient to react with the indicator is forced 
to diffuse into the tissue. The primary (surface) action of H3PO, 
is greater than is made evident by its apparent penetrating power, 
and is also (probably) somewhat greater than its hydrogen ioni- 
zation would demand. 
AGAR’S ISLAND, BERMUDA. 
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STUDIES OF EXPERIMENTAL SCURVY. 


II. THE INFLUENCE OF GRAINS, OTHER THAN OATS, AND 
SPECIFIC CARBOHYDRATES ON THE DEVELOPMENT 
OF SCURVY.* 


By. Ws PITZ, 


(From the Department of Agricultural Chemistry of the University of 
Wisconsin, Madison.) 


(Received for publication, January 29, 1918.) 


In a recent publication from this laboratory McCollum and 
Pitz (1) put forth the theory that scurvy in the euinea pig is not 
the result of a deficiency of any specific protective substance, but 
that it is the result of the absorption of toxic substances arising 
from putrefaction in the cecum due to an undue retention of feces. 
In the present paper further proof is given in substantiation of 
this theory. 

Hull and Rettger (2) showed with white rats and also with 
men fed on a high protein diet that the bacterial flora of the in- 
testine could be changed from a putrefactive flora to an acido- 
philus flora by the ingestion of lactose in the diet. Other car- 
bohydrates as sucrose, dextrose, maltose, dextrin, levulose, and 
galactose, produced some change in the intestinal flora of the rat 
but the change was not nearly so pronounced as in the case of the 
lactose. When lactose was fed with a high protein diet the flora 
was almost completely changed to the acidophilus type with but. 
few or no evidences of putrefactive bacteria. With the other 
carbohydrates used, both types of bacteria were found but the 
number of putrefactive organisms was decreased and the num- 
ber of acidophilus organisms increased as compared with the 
flora of an animal receiving a high protein diet, without the 
addition of a carbohydrate. 


* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 
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If scurvy is the result of the absorption of putrefactive products 
arising from the putrefaction of feces in the cecum, then any sub- 
stance which will improve or change the intestinal flora from a 
putrefactive to an acidophilus type should prevent the onset of 
the symptoms of scurvy. In order to test this supposition vari- 
ous groups of guinea pigs were fed oat meal and whole milk, 
plus a carbohydrate. 

Chart 1 shows the remarkable recovery of a guinea pig when 
fed lactose after it had shown signs of very severe scurvy. The 
animal had swollen joints and was able to move about only with 
great difficulty. It was very sensitive and cried when touched. 
When 20 per cent of lactose was added to the oats the condition 
of the animal was bettered in a week. It gained in weight and 
improved rapidly. In 2 weeks it was able to walk about with 
ease and it soon became very active. The knees always remained 
a little swollen, but otherwise the animal appeared normal in all 
respects. When the animal was killed at the end of the 19th ~ 
week, it showed no symptoms of scurvy except for the slight 
‘swelling of the knees. There were no hemorrhages at the knees 
or at the costochondral joints of the ribs. 

Chart 2 demonstrates the protective action of lactose in a ra- 
tion of rolled oats and milk. The animals lost weight for about 3 
‘weeks, but at no time did they show any evidence that they were’ 
suffering from scurvy. After the 3rd week the animals gained in 
weight, were vigorous, very sleek in appearance, and very active. 
Animal 2 lost weight after the 12th week and died at the end of 
the 18th week. Postmortem examination failed to reveal any of 
the characteristic symptoms of scurvy or the cause of death. The 
other animals were killed at the end of the 20th week and a post- 
‘mortem examination was made on each one. - They were all in 
excellent condition, and as far as I was able to determine they were 
normal in all respects. The lactose not only must have changed 
the intestinal flora of the tract as can be assumed from the work 
of Rettger, but in the amounts used it acted to some degree as a 
laxative. Since milk was fed ad libitum it cannot be argued that 
any specific substance was added with the lactose which was not 
Already ‘present in considerable amounts. - 

Chart 3 demonstrates that although 10 per cent of lactose was 
beneficial to some degree it was not sufficient to protect the ani- 
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mals from scurvy for more than a few weeks when fed rolled oats 
and milk. 

Charts 4, 5, 6, and 7 show the effect of feeding dextrin, dextrose, 
sucrose, and starch with the standard ration of rolled oatsand 
whole milk. In every case some protection was afforded, al- 
though in the case of dextrose the protection was but slight. The 
appearance of these animals was better than that of animals re- 
ceiving only oats and milk, but their appearance was not nearly 
so good as that of the animals shown in Chart 2. The growth 
curves show considerable improvement over the growth curves 
of animals receiving no additional carbohydrate (compare Charts _ 
4, 5, 6, and 7 with Chart 8). This slight protection afforded by 
dextrin, dextrose, sucrose, and starch is explained by the findings 
of Hull and Rettger as cited above and also by the work of 
Hirschler (3). The latter showed that, zn vitro, sucrose, glycerol, 
dextrin, starch, and lactic acid completely prevented the forma- 
tion of indole, scatole, and phenol over a period of 10 days, from 
proteins which were inoculated with cultures of putrefactive or- 
ganisms. In the animal body the same carbohydrates did not 
completely prevent the formation of indole, scatole, and phenol 
in the feces of dogs fed a high protein diet, but they did ma- 
terially decrease the amounts of these products formed as com- 
pared with the amounts found in the feces of dogs fed a high 
meat diet but receiving no carbohydrates. | 

These results demonstrate beyond a doubt that a putrefactive 
flora in the intestine of the animal is instrumental in the produc- 
tion of scurvy, and that a diet which will cause a change in the 
flora from a putrefactive type to an acidophilus type will protect 
the animal from scurvy. ! 


Production of Scurvy by Grains Other than Oais. 


Lusk (4) makes the following statement, ‘It is important to 
remember that it has never been demonstrated that any kind of 
unmilled grain will produce scurvy.” If scurvy is the result of 
the retention of feces, and there can be little doubt. that such is 
the case, then any ration which will produce feces difficult to 
eliminate should produce scurvy. It has long been known that 
milk when taken in large quantities will cause severe constipa- 
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tion. This being true, then any grain as barley, wheat, corn 
(maize), etc., when fed with an abundant supply of milk should 
produce seurvy in the guinea pig. To test this point whole corn, 
wheat, and barley were ground, and the ground grains fed to 
guinea pigs together with all the milk they would consume. 

Charts 9, 10, and 11 show the results of these experiments. It 
will be noted that these curves show decidedly better growth than 
do the curves of guinea pigs fed on whole oats and milk (see Chart 
12). The animals were in better condition and did not show 
symptoms of scurvy as soon as did oat-fed animals. The mor- 
tality of the animals receiving corn, wheat, or barley was very 
high, and postmortem examination of the animals that died 
showed the characteristic lesions of scurvy in all but a few cases. 
One animal on the barley and milk ration was still alive at the 
end of 18 weeks. This animal shows no evidence of having 
scurvy at the present time. From the 4th week to the 8th week, 
however, it was in very poor condition and showed signs of 
scurvy, but after the 8th week it slowly improved and at the 
present time is in excellent condition. This ability of an animal 
that has scurvy to slowly recover without the administration of 
any remedial agents has been observed at various times. It 
occurs on different rations and is probably due to unusual vigor 
and resistance of the individual. 

Two animals are still alive on the corn and milk ration, but 
although they are gaining in weight they both have swollen knee 
joints and are very sensitive. The coats are rough and the ani- 
mals appear to be poorly nourished, in spite of the fact that they 
are gaining in weight. This ability of a scurvy animal to gain in 
weight has been noted by Jackson and Moore (5) in their work 
with guinea pigs. 

Two animals are alive on the wheat and milk diet at the time 
of writing this paper. One of these, No. 2, shows no symptoms 
of scurvy although it has been losing weight for the past 4 weeks. 
The other animal, No. 4, has swollen knee joints, walks with 
considerable difficulty, and shows signs of severe scurvy. _ 

The lower efficiency of rolled oats and whole oats as compared 
with other grains in the nutrition of the animal is due in part 
to the peculiar property of oats to produce very pasty feces 
which are difficult to eliminate. This lower efficiency of the oat 
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kernel, due to its formation of pasty feces, when fed rats was 
also noted by McCollum, Simmonds, and Pitz (6), in their in- 
vestigation of the dietary deficiencies of the oat kernel. 

Animals that received corn, wheat, or barley and milk were 
protected from scurvy by the addition of lactose to the ration. 
With these grains, however, 10 per cent of lactose when added 
to the grain was just as effective in preventing scurvy as was 20 
per cent of lactose when fed with oats. 20 per cent of lactose 
when fed with corn, wheat, or barley caused abnormal fermenta- 
tion in the tract of the animal and caused the abdomen to be 
greatly distended with gas. 

These results show that scurvy can be produced in the guinea 
pig by feeding a ration of unmilled grains and milk. 


I wish to thank Professor E. B. Hart for the many suggestions 
which he offered and especially for his suggestion of the feeding 


of lactose and the various grains. 
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Cuart 1. This chart illustrates the remarkable recovery of an animal 
when fed lactose in the ration. During the first period the animal received 
a ration consisting of oat meal and a salt mixture and whole milk. The 
salt mixture consisted of inorganic elements in the same proportions as 
found in orange juice, but acetic acid was put into the mixture in place 
of citric acid. It was shown in our earlier paper that this same salt mix- 
ture, but containing citric instead of acetic acid, prevented the develop- 
ment of scurvy in a diet of rolled oats and heated carrots. During the 
second period the animal was given a ration consisting of rolled oats 80 
and lactose 20, plus whole milk. At the beginning of the lactose feeding 
the animal was in a most miserable condition. It was very weak, moved 
about with great difficulty, and was very sensitive. After the lactose was 
introduced into the ration the animal gained in weight rapidly and showed 
marked improvement. All symptoms of scurvy disappeared except for a 
slight swelling at the knee joints. Postmortem examination failed to re- 
veal the characteristic lesions of scurvy. 


Composition of salt mixture. 


; gm. 

Ca citrate). agi. beh he ee ee 2.261 
MgCl 6 HleO hake cca ei el ota ae te Oe Sele eat ee 1.270 
K. citrate .jcc¥ fonds yee aie a ee 2.578 
NaGl sp eg see oe Re eo ee to 0.787 
KeHPOg, 2 es ORES er 0.837. 
Acetic acid... 3.28, 0208) Sa ye 0.960 
Sucrose. 0) jas oss ye ee 8.270 


Cuarr 2. This record gives further evidence of the beneficial effects | 
resulting from the ingestion of 20 per cent of lactose with an oat and milk 
diet (compare with Chart 8). All the animals except No. 2 were in excel- 
lent condition throughout the experiment. Animal 2 was in fine condition 
until the 12th week. At this time the animal began to lose weight and 
became thin and inactive, but it did not show any lesions of scurvy either 
when alive or on postmortem examination. 


CHART 3 
led gats 


Cuart 3. These curves show that 10 per cent of lactose was not as 
efficient in protecting the animals from scurvy as was 20 per cent. Post- 
mortem examination of Animals 1, 2, 3, and 4 showed lesions of scurvy. 
Animal 5 grew fairly well throughout the course of the experiment and 
never showed any signs of having scurvy. It was killed at the end of the 
20th week and appeared to be normal in all respects. . 


Cuart 4. This chart shows the record of animals fed’ on a ration of 
rolled oats and dextrin prepared from cornstarch. It is evident by com- 
paring these curves with those of Chart 8 that these animals were bene- 
fited to a considerable degree by the ingestion of dextrin in the ration, but 
they did not do nearly so well as did the animals that received lactose 
(see Chart 2). All the animals died, but there was a marked difference 
in the length of time that the animals survived this ration. Animals 2 
and 5, which survived the longest, showed the most severe lesions of scurvy. 
Animal 1 did not show symptoms of scurvy on postmortem examination. 
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Cuart 5. These animals received dextrose in the ration. They did 
little better than the animals that received no carbohydrate, other than 
that contained in the oats (see Chart 8). The animals showed severe 
lesions of scurvy. Two of them, Nos. 4 and 5, suffered with an unusual 
amount of fermentation. The cecum of all of the animals on this diet 
was packed with feces that had a very offensive odor. 
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Cuart 6. This chart illustrates the behavior of guinea pigs fed on a 
diet of rolled oats and sucrose and milk. The ingestion of sucrose de- 
layed the onset of the symptoms of scurvy for a considerable time, but 
eventually the animals all died of scurvy. 
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Cuart 7. These animals received a ration of reac oats and cornstarch. 
The starch afforded considerable protection against scurvy. However, 
three animals died of scurvy before the 9th week and all showed lesions 
at this time. Animal 1 is alive at the present writing and is in fair condi- 
tion. It, however, shows no outward signs of scurvy. Animal 2 shows 
distinct signs of scurvy, but it is maintaining its weight. 


480 Experimental Scurvy. II | 


ees 
healed ie 
DAL wll 
asi 


Cuart 8. This chart illustrates the Fated behavior of guinea pigs 
fed a ration of rolled oats and whole milk ad libitum. The animals gener- 
ally develop the lesions of seurvy from the 3rd to the 4th week, but a 
few live longer than this before they show the symptoms. Occasionally 
an exceptional individual will be found that thrives on this ration. The 
curve of such an animal was given in our first paper on scurvy (1). 


_Cuart 9. This illustrates the behavior of guinea pigs fed a ration of 
ground barley and whole milk ad libitum. The animals thrive better 
on this ration than they do on a ration of whole ground oats and milk 
(see Chart 12). All the animals on this ration, except No. 3, showed signs 
of scurvy about the 4th week. Animal 8 did not show lesions of scurvy 
at any time and is in excellent condition at this writing. It should be 
borne in mind that occasionally a guinea pig will thrive on an oat and 
milk diet. 


Cuart 10. Growth curves of animals fed a ration of corn and milk. 
The animals did not lose weight as rapidly and they lived longer than 
did animals receiving barley and milk (see Chart 9). The symptoms of 
scurvy were not evident in these animals until the 5th and 6th weeks. 
Animal 5 did not show lesions until the 8th week. Animals 1 and 5 are 
alive at the present writing No. 1 shows symptoms of mild scurvy, while 
No. 5 shows more pronounced symptoms. 


CuarT 11. The animals in this gioup received a ration of whole wheat 
and milk. These animals grew about as well as did the animals that re- 
ceived corn and milk (see Chart 10). However, the animals in this lot 
developed lesions of scurvy during the 8rd and 4th weeks, while those on 
corn developed them the 5th to 6th weeks. Animal 2 never showed any 
evidence of having scurvy and it remained in excellent condition until the 
12th week. Since then it has been losing weight, but it does not show any 
signs of having scurvy at the present time. Animal 4 developed scurvy 
the 4th week, and from the 4th to the 8th week it was in a miserable con- 
dition. After the 8th week it slowly improved, but its knee joints are still 
swollen and it walks with difficulty and is very sensitive. 
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CuartT 12. Behavior of animals fed a ration of whole oats and milk 
All these animals developed scurvy during the 3rd and 4th week. They 
failed rapidly and all but two died at the end of the 7th week. One 
animal lived until the 10th week. 
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That a variation in the composition of fish might occur was recognized 
by Atwater (1) who analyzed fifty-two species, sometimes basing his re- 
sults on a single specimen, again taking the average of several samples 
caught at short intervals. Nine species were examined at different seasons 
of the year. Of these only three species—blackfish, mackerel, and salmon 
—showed a definite tendency toward a seasonal variation in composition. 

A study of the recorded analyses of fish makes it plain that a single 
examination, even if based on large numbers of individuals, cannot be ac- 
cepted as representing a typical composition. For example, the herring 
shows a wide latitude in its gross composition, as may be seen from 
Table I, where the moist fish ranges from 19.29 to 30.97 per cent of solids, 
and from 2.41 to 11.01 per cent of fat. This variation in the composition 


TABLE I. 
The Percentage Composition of Herring, as Determined by Various 
Investigators. 

2 
a gi 
Fish. Author. C 3 ag 0 
ap Elen RR Wade arenes 
Sad pteosied [ea (ae bg Z 


————— | ————q“—| | ———q§—| | e— |. | —_____. 


per per per per per per 
cent cent | cent cent cent cent 


Fresh herring. (See Table IV). 77 .10/22.90} 2.41} 1.66/18.83} 3.03 
bd i Kostytscheff (3). |76.11/23.89| 4.89] 1.71) — — 
Tittle. “ Almen (4). 73 .22|26.75| 5.87] 1.65/18.83) 3.01 
Herring. Buckland (5). 80.71|19.29) 7.11) 2.07) — a 
Smoked herring. Konig (6). 69.49/80.51) 8.51} 1.24/21.12) 3.38 
Fresh Hh Payen (7). 70.00)30.00}10.30} 1.90} — | — 
! Atwater (1). 69 .03/80.97|11.01} 1.50)19.12) 3.06 
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of herring has been studied by Hjort (2). It is obvious, therefore, that we 
should know the locality of the catch, the season of the year, the weight 
of the fish, and also as much of its habits at the catching time as possible, 
in order to interpret analytical results. 

Polimanti (8) has considered the relation of habitat to the fat content 
of the flesh and is of the opinion that the deep-sea fish are poor in fat 
while the surface swimming forms are rich. Aside from the relation be- 
tween habitat and the content. of fat, there is undoubtedly a close relation 
between the amount of fat stored in the edible portions of the fish and the 
processes of reproduction. This has been observed by Atwater (1), who 
gives the composition of ordinary and spent salmon. The fish on their 
way to the spawning grounds contained 13 per cent of fat, while the spent 
fish contained but 3 per cent. The work of Miescher-Ruesch (9) on the 
Rhine salmon gives a similar picture, and the later work of Paton (10) on 
Scotch salmon, and of Green (11) on Pacific coast salmon, is confirmatory. 
According to the latter two investigators, the fat stored in the body of the 
salmon during the period of feeding and growth is the immediate source 
of energy expended by the fish during spawning migration when no food is 
taken. Also, the observation by Lichtenfelt (12), who noted that during 
hunger a fat-rich fish loses a greater proportion of its fat than a fat-poor 
fish, may, when the analytical data are supplied, throw some light upon 
the habits of certain species. 

Whatever the biological significance of the changing composition may 
be, the fact remains that a large number of our food fishes have a greatly 
increased fat content in the late summer and autumn, as shown in Table 
II, compiled from: Atwater’s (1) analyses, and also by the analytical re- 
sults recorded in Table IV. 


TABLE II. 
Analyses of Food Fish by Atwater, Arranged to Show Seasonal Variation. 
Fresh Basis. 


Fish. 
Water. Solids. Fat. Ash. Nitrogen. 


Name. When caught. 


per cent per cent per cent per cent per cent 

Blackfish. | Mar., 1882 | 81.36 18.64 0.55 0.65 2.82 
a Apr., 1882 | 79.64 20.36 0.62 1.03 3.03 

“ May, 1882 | 78.44 | 21.56 1.44 1.36 3.038 


Mackerel. | May, 1880 | 74.14 25.86 6.99 1.30 2.91 
te Dec., 1880 | 64.01 35.99 16.30 1.48 3.05 


The results of Atwater’s investigations have been accepted as repre- 
senting the correct composition of American food fishes. The dietitian, 
in calculating the fuel value of the food components present in different 
species of fish, has used these figures. They have been quoted by a num- 
ber of writers. 
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In addition to Atwater’s classical work on American fishes, the litera- 
ture contains numerous references bearing on the chemical composition 
of food fish. The earlier investigations have been carried on mainly 
by foreign workers, among whom are Schlossberger (13), Morin (14), 
Weidenbusch (15), von Baumhauer (16), Payen (7), Kénig (6), Buckland 
(5), Almen (4), Kostytscheff (8), Popoff (17), Sempolowski (18), and 
Kianizyn (19). The results obtained by most of these authors have been 
discussed at length by Atwater (1). Their analyses consisted, generally, 
of determinations of solids, fat, ash, and nitrogen. There has been no 
concerted analytical study of the composition of American food fish since 
1888. European food fishes have been studied more recently, and among 
the investigations those of Balland (20) and Hollande (21) are especially 
noteworthy. A comparison of the food value of beef, veal, etc., with 
fish has been made by Milone (22), Beythien (23), and Kénig and Splitt- 
gerber (24). 


Methods. 
History of Samples. 


The fish were all obtained from Philadelphia fish dealers. No 
fish were purchased of which an accurate history could not be 
obtained. This history indicated good handling according to 
present commercial standards and a minimum lapse of time 
after catching. The analytical work was begun immediately upon 
the receipt of the sample. | 


Preparation of Sample for Analysis. 


The fish were cleaned by separating as completely as. possible 
from the edible portion the head, tail, skin, entrails, and 
bones. The edible portion was weighed and the difference be- 
tween this weight. and that of the whole fish represented the 
refuse, or inedible portion. The flesh was ground in a meat 
chopper, and the individual samples were mixed thoroughly by 
hand. As the subsequent analysis requires 2 or 3 days of one 
analyst’s time for completion, it was not convenient to undertake 
more than one complete analysis of a single species of fish at a 
time. In the case of large fish but one specimen was used, but of 
the smaller fish from 2 to 8 were analyzed, the edible portions 
being united and well mixed before sampling. 
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Methods of Analysis. 


Total Solids, Total Nitrogen, Fat, and Ash.—The methods used for the 
estimation of the quantity of total solids, fat, and ash, were those given 
in Bulletin No. 107 (revised) of the Bureau of Chemistry, United States 
Department of Agriculture. Total nitrogen was determined by the 
method of Kjeldahl and Gunning, using 0.1 N solutions of acid and alkali. 

Cold Water-Soluble Nitrogen.—The amount of nitrogenous compounds 
soluble in cold water was found by grinding 50 gm. of the sample, placing 
in a 12 ounce wide-necked bottle, adding 240 cc. of water, corking tightly, 
and shaking on a mechanical shaker. The bottles were removed from the 
shaker at the end of 15 minutes and the suspended matter was separated 
by centrifuging for 10 minutes. The opalescent supernatant fluid was 
poured through a plug of cotton in a funnel. Seven more extractions, 
each with 240 cc. of water, brought the final volume of the combined fil- 
trate to about 1,900 cc. This solution was transferred to a 2 liter flask 
and diluted to the mark with water. A second filtration through paper 
was made when required, though this was usually unnecessary, as the 
extract could be obtained in most cases free from suspended matter. Ali- 
quots of 50 cc. each were analyzed for nitrogen by the Kjeldahl-Gunning 
method. 

Coagulable Nitrogen.—Portions of 500 cc. of the neutral extract were 
evaporated to a little less than 250 cc. in 400 cc. beakers. The beakers 
were placed on wide asbestos gauzes to prevent scorching, and the height 
of the flame was so regulated that about 2 hours were required to reduce 
the volume of the solution one-half. The mixture was stirred occasionally 
to prevent clumps from sticking to the bottom of the beaker. After 
removing the flame, and while the solutions were still hot, they were al- 
ways treated with exactly 2 cc. of 20 per cent acetic acid solution to com- 
plete the precipitation of the coagulable protein. On.cooling, the mix- 
ture was transferred to a 250 cc. volumetric flask and diluted to the mark 
with water. The mixture was filtered and aliquots of 25 ec. each were 
analyzed for nitrogen. 

Hot Water-Soluble Nitrogen.—The flesh residue remaining from the cold 
water extraction was washed into a 400 cc. beaker with about 250 ce. of 
hot water. The mixture was boiled for 15 minutes, filtered hot through 
cotton, the residue again treated with hot water, and boiled for another 15 
minutes. The filtrate from the second extraction was added to that of the 
first and the combined filtrates were transferred to a 500 cc. volumetric 
flask, cooled, and diluted to the mark with water. This extract was fil- 
tered through fine filter paper and nitrogen was determined on 50 ce. 
aliquots of the filtrate. 

Ammonia Nitrogen.—For this determination a modification of the Steel- 
Gies! method was used. 10 gm. of NaCl were dissolved in 100 cc. of water 


1 Steel, M., and Gies, W. J., Some notes on the efficiency of the Folin 
method for the quantitative determination of urinary ammonia, J. Biol. 
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in a tall Folin aeration cylinder. 25 gm. of ground flesh were added and 
the mixture was shaken until the material was entirely disintegrated. 
50 ec. of alcohol were next added to prevent foaming, and 5 ce. of kero- 
sene later if necessary. The mixture was finally treated just previous to 
aeration with 10 ce. of 10 per cent sodium hydroxide. solution. The am- 
monia was absorbed in dilute sulfuric acid solution (10 cc. of 0.1 n sulfuric 
acid in 100 ec. of water) in 12 ounce bottles. At the end of a 43 hour aera- 
tion period, the solutions in the absorbing bottle were titrated back with 
0.1 N sodium hydroxide solution, using as WEA two drops of 1 per 
cent alcoholic solution of alizarin red. : 


Gross Fat Extraction. 


In order to obtain the fish oil in a condition as nearly unchanged as 
possible, care was constantly exercised to prevent overheating of the 
material. The ground flesh was placed in 6 inch shallow Petri dishes in 
sufficient quantity to form thin layers when pressed down on the bottoms _ 
of the dishes with a spatula. The water was driven off at 50°C. in a’ 
vacuum oven. The dried residue was ground, placed in a large paper ex- - 
traction thimble, and extracted with low boiling petroleum ether (40- 
50°C.) in a Soxhlet extractor. Aftera 12 hour extraction, the solvent was _ 


evaporated somewhat, the mixture filtered through fine filter paper, the _ 


remainder of the ether carefully evaporated, and the oil finally dried for | 
3 hours at 50°C. in a vacuum oven. 


Determination of Fat Constants. 


In some fish the amount of fat obtained was so small that but 
very few of the fat constants could be determined, due to lack of | 
material, and when such a condition existed usually only the : 
iodine number was determined. 


Specific Gravity.—The specific gravity was determined in a Sprengel or 
Ostwald pyknometer at 25°C., compared with water at the same tem- 
perature, and the constants were based on weights in air. 

« Index of Refraction.—This was determined at 30°C. with an Abbe re- 
fractometer. 


Chem., 1908, v, 71. Steel, M., An improvement of the Folin method for 
.the determination of urinary ammonia nitrogen, ibid., 1910, viii, 365. 
Shulansky, J., and Gies, W. J., Studies of aeration methods for the de- 
termination of ammonium nitrogen. The ammonium nitrogen in beef, 
Biochem. Bull., 1913, iii, 45. Clark, E. D., Report on meat and fish, 1915, 
J. Assn. Agric. Chem., 1917, ii, 229. 
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TABLE IV. 


Percentage be Be of Edible Part Ht Fish. 


' Nitrogen. 
Q ‘Bs . Ay ‘a 
q | Compganeme | Whin! |S [rat any So) @ 
ae * BQ = BQ Oi, 
: 2 |.23 | Bee 
g 2 |S" | lana 
1918 1) cont |seent Bocentleant |heont WAeses | Gent eee ihe 
19 | Blackfish........ June 1620.0 | 0.15 BUCS Ties 532 0.241 0.0172 
130) BODItaA socal we, ei 2 UO 1. 46/1.71,3 82/1 .030,0.389,0.088 0.0251 
SOM OL. | ce eee Nov. 2418.65) 0.09)1.23)2.950.950,0.530,0.330/0.0170 
16 | Herring.........\June 12)22:90| 2.41 1.66/53 .03 1.028,0.516 0.234 0.0177 
Bain Pish cee May ~~ 4/24.60 5.241.392. 830.8380. 425,0.172/0.0162 
32 | Ling............J/Nov. 18)18.30) 0.12)1.15)2.69)1.030,0.650,0.240/0.0180 
Lia ee Oreyin.: eee May 1423.39) 2.59)1.37|3.02)1.001,0.620 0.221|/0.0165 
347) (Tilefisht. sa. Dec. 17|19.66) 0.51)1.35)2.80)0.770/0.380/0.220/0 .0130 
14 | Silver hake ..... May 26/18.86} 1.41/1.22/2.60)1.025)0. 6380. 211|0.0140 
0) blueish: 2... « May 7/23. 83} 1.54/1.16 3.360.76010. 32010. 071 0. 0185 
27 he ge ee Sept. 28, 29.04] 8.10)1.11]3.26,0.7300. 360 0. 085.0. 0180 
124) Butterhsh ee May 19 25.66 5.96 1.49/2.89 0.8620. 498 0. 020 0.0162 
28 mm esi) owe Oct. 12)30.01/13.52)1.40)2.920.850,0. 430 0. 021 0. 0180 
15 | Carp sucker....|May 29)22.80) 2.10,1.20 2.98)1.151 0. 7870. 206 0.0154 
30 4 a (Oct. 2024.79) 4.17)1.20/3.19,1.078 0.748 0.210 0.0170 
& 1 Groaker, wae Apr. 10,20.77) 1.251.182.85,0.8138 0.447|0.141 0.0140 
23 aS ee eee Sept. 824.26) 3.23)1.37| — |0.880,0.410,0.130.0.0230 
64 Mlounder: 22 .e- Apr. 1917.54) 0.20,1.17|2.56\0.888 0.477'0.117/0.0143 
25 ARs ee ee Sept. 22'21.59| 0.37/1.34)2.54.0.740.0.330,0.200,0.0190 
2 i FaddotKien =e Apr. 2)18.32) 0.15)1.11/2.33 0.748 0.348 0.147/0.0220 
a2 fy one Aug. 31/20.83  0.09)1.01/2.59,0.800 0.5200. 150,0.0220 
5 | Striped bass....|Apr. 16)25.70 3.581 .26/3.21/1.153,'0.719,0.102 0.0170 
29 | aH Oct. 1619.83 2.98,1.263.07 1.0500.650) — |0.0166 
10-4 Sea Dass enn. 6 May 1222.02 1.61.23 2.980 .967\0.5382,0.106,0.0159 
24 \,-* Meare Pla Sept. 1419.44) 1.60/1.09, — |0.970,0.700, — {0.0220 
17 | Spanish mack- | 
erel Liste sone, June 433.01/12.59)1.203.13)/0.846)0. 4580. 055,0. 0185 
31 “ “ + |\Oct. 26/85.70,16.24)1.11/3.09,0.890)0.570)/0. 1020. 0240 
7) Weakhsh eine May 1/21.41}.2.34)1.25'2.83)1.118,0.851)/0.203 0.0134 
26 Fy aa ese: Sept. 25)19.35) 0.52)1.20/ — |0.820)0.500 0.29010. 0150 
1 | Shad (male)...../Apr. 2/35.32/14.43/1.34/3.18/1.112/0.621/0.074/0.0160 
4 “  (female)...| “ — 18'84.17/13.93/1.40)/3.00/1.147/0.685)0; 10630. .0182 
13 s “« ..|JMay 22'26.00) 5.87)1.29)2.91/0.980,0.549,0.058'0.0191 
20 i. os Syan la: 19 23.38) 2.95 1:59 )2598 0 Tyee 0. 1820 0.0178 


Fresh Basis. 


* It is customary to calculate protein as total nitrogen X 6.25. 


Our 


knowledge of the proper factor to use with fish proteins is unsatisfactory 
and pending investigation of this matter it seems best to omit this éalcula- 


tion. 
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No. of sample. 
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TABLE V. 


Percentage Composition of Edible Part of Fish. 
Calculated on Dry Basis. 


Common name of fish. 


Blackfish 
Bonita 


Herring.. 


Kingfish. 
RITA sok, 


i '@ Wiehe: # io 6.6 14)» « 


0, Palle te <6 ie a) 6) 


SY 6. 006) (wr Sere ia) sie 


$) 4) ele h-e 6) oe « 


SL eneea-h le Vere 4.6). 6 


paver hake. a... ¢.. 


Bluefish. 


iT9 


Carp sucker 


“e 


“ 


Croaker. 
(<4 


° 


Flounder 
ce 


Haddock 


“ 


“< 


Sea bass. 


73 “cc 


ea) w Gis ee we 6 ase 


Butterfish 


mi ae he, a ee 0) (nm ie se 


© Bogie son fens) 0 3) 


eka! ellen «0S 


> Ope) .e eave (eye! fe) e, ' 


eee eee 


Wye) (os.e\'wris> 6) 'o, 4a) 


os: 6s) eo 6 6, @ 


CW MECECE CK) SRL eee Cry 


Cece s wees ws 


Spanish mackerel... 


<3 


Weakfish 


Shad (male) 
(female) 


‘“ 
cGie 


(T4 


<3 


“<c 


© 4. ine évie ‘eon ae" ist oe 


5. etie} ©. 8) Myla 


2 er ele leat ee 


When 


Fat. 


caught. 


e185 


eecie Lad 
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per 
cent 


0.70 
5.48 
0.46 
10.52 
21.32 
0.62 
14/11.10 
17| 2.59 
26| 7.48 


6.45 
27.83 
23.27 
45 .02 
Jeule 
20/18 .05 
10} 6.02 
813.30 
19} 1.14 
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16.13.94 
16|15.01 
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26 
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13/40.75 
22 22..58 
19 12.62 


cent 


Ash. 


per per 
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14.02 
14.33 
15.81 
7.25)13.23 
5.65)11.50 
6.27|14.68 
5.85)12 .92 
6.85)14.22 
6.48 13.80 


6.70 
6.41 
6.59 


4.87 
3.81 
0.81 
4.66 


14.10 
11.21 
11.28 
9.72 
5.27|13.08 
5.19)13.81 
5.68 13.72 
5.64 
6.67 
6.20 
6.06) 
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4.90 
6.35 
5.59 
5.60 
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3.10 
5.85 
6.19 


14.60 
11.76 
12.72 
12.43 
12.50 
15.47 
13.58 
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9.48 


13.23 


_ 


3.80} 9.01 
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Nitrogen. 

$ 5 = 8 3 
Po | a | eal & 
Se | 8 |se| 
(S) Oo an < 
per per per per 
cent cent cent cent 
4.18] 2.55] 1.150.082 
3.86| 1.46 0.330.094 
5.09) 2.84) 1.76 0.091 
4.49] 2.25] 1.02.0.078 
3.41] 1.73| 0.700.066 
5.62] 3.55| 1.31/0.098 
4.28) 2.67} 0.95'0.071 
3.91] 1.93] 1.110.066 
5.43] 3.39] 1.42:0.074 
3.19] 1.35! 0.30/0.078 
2.51} 1.24] 0.29'0.061 
3.36] 1.94] 0.080.063 
2.83] 1.43) 0.7010.059 
5.05] 3.45] 0.900.068 
4.35| 3.02} 0.900.074 
3.91] 2.15] 0.680.067 
3.62) 1.69} 0.540.094 
5.06] 2.72! 0.67|0.082 
3.42) 1.90] 0.900.087 
4.08 1.87] 0.800.120 
3.84 2.50) 0.720.105 
4.48) 2.80] 0.400.066 
5.39] 3.29] — |0.084 
4.39| 2.42! 0.48'0.072 
5.08| 3.55} — 0.113 
2.56} 1.39] 0.1710.056 
2.49} 1.60} 0.290.067 
5.53) 3.98] 0.95/0.063 
4.63| 2.58] 1.49/0.077 
3.15/1.768| 0.21/0.045 
3.352.005] 0.18/0.053 
3.77|2.113] 0.2310.074 
4.17|2.348| 0.7810.076 
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TABLE VI. 
Fat.Constants of Oris from Fish Flesh. 


: When eatreg note Iodine | SaPoni- Acid 
86 Common name of fish. caught. oc Shen ee aluet 
36a 25 30° C 
a 
1915 
10M Blacktish.20.0.62 0-6 Caer June 16)| — — 1127-55)0 =e — 
LS Se DONT ayes cise seen ee “12 |0.9389)1.4755/126.8 | 178.7] 28.6 
De OCs ees tae ah eee nen Nov. 24} — ee ef 6 Mp — 
TO SOT NG 162 daastee eee eee tee June 12 |0.9292)1.4733)135.4 | 180.9] 13.5 
See M OSD eae eee ees May 4 /0.9146/1.4663) 85.4 | 195.7| 3.4 
2 iy LAW. s. Slemneitent meena NOV. AGH ee — 80 eae oo 
1 WE OLO ys a, Om termes ....| May 14 |0.9270/1.4736)136.2 | 188.4) 7.2 
peel vetishs.s...remeeta.: a Dec. 17) — (|1.4753)118.8 | — — 
143) Sil ver-haker.. ute Coe May 120 0.9300 AO 26 |0.9397|1.4797|159.0 | 186.5) 10.1 
OA aDlehsh taste. Lae ee eee May 7 |0.935311.4749|118.9 | 195.1] 12.4 7 |0.9353/1.4749/118.9 | 185.1} 12.4 
PA (Ds YN TORRE ew EE A (eich. Sept. 28 |0.9389)1.4760)106.9 | — 4.5 
127) *Butterfish een eee ee May 19 |0.9213)1.4732)138.2 | 190.5) 3.0 
yA. Sal RET AMM MR et) Me ak ON cei Oct. 12 |0.9177|1.4706) 90.2 | 202.8) — 
15.) Carp Buckers2 roe ore May 29 |0.9232)1.4704/111.7 | 187.9) 7.8 
30 i: Se th tac ee ee oem Oct. 20 |0.9243)1.4700| 74.1 | 240.8) — 
ou ba TORK ET? aye cu ee eee Apr. 10 |0.9312/1.4724/115.8 | 191.2) — 
23 Epa, Waratah ee Sept. 8); — {1.4703)111.5 | — — 
Oe hlOuUnder tt 7 oat eee ee Apr. 19} — |1.4935)130.4 | — — 
25 seveecsenceet ss} pept. 22] “== —|1.4820)118.9 (iia 7 eee 
Haddock... A tact, ok ae ee Apr. 2| — [|1.4940/133.4 | — — 
oa sessedeaccecc| AUgs 31 1) "<— “C400 7)1 157 iamees — 
5 | Striped eee AON i, Degli AL. Apr. 16 |0.9278'1.4748/134.4 | 196.1) 6.4 
29 ss (Ov edescseeeectas | Oct. 16 |) — > 11) 4895) SG Ores — 
IDS eaOAVOASS take cote. cote May 12 |0.9224)1.4731/132.1 | 191.7} 2.2 
24 See Tint eR on eee Sept. 14} — {1.4860)182.2 | — — 
17 | Spanish mackerel........ June 4 |0.9201)1.4719/136.7 | 182.5) 3.2 
31 vY PINT AT PEPER Oct. 26| — |1.4730/115.3 | 204.9] 2.6 
7. | Weaktish Vou canes tek May 1 |0.9213)'1.4717|120.8 | 187.0} 12.2 
26 a Sept. 25; — _ |1.4830/104.37| 188.4] 16.2 
T G2phad (ale) eee ee .| Apr. 2 |0:9084)1.4709)114.8 | 191.6) 4.6 
4 “  (female)............/ “ 18 }0.9150)1.4710)114.5 | 190.4) 3.5 
13 a a ea eke ES A Ah May 22 |0.9124/1.4719)121.9 | 183.7} 6.4 


20 a S PSDENG 5 kere June 19 |0.9276/1.4725)125.3 | 180.6} 20.6 
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Iodine Number.—The iodine absorption number was determined by the 
Hanus Method? on 0.1 to 0.2 gm. samples using 25 cc. of iodine solution. 

Saponification Number.—Approximately 1.5 gm. of oil were saponified 
in the usual manner? with 25 cc. of alcoholic potash for this determination. 

Acid Value.—1 gm. of oil was dissolved in 50 cc. of a neutral mixture 
of three parts ethyl ether and seven parts 95 per cent alcohol, and titrated 
with 0.1 N sodium hydroxide solution, using 0.5 ce. of 0.5 per cent alco- 
holic phenolphthalein solution as indicator. The addition of alkali was 
continued until one drop produced a pink color which persisted at least 1 
minute. The result was calculated to mg. of potassium hydroxide required 
to neutralize the free fatty acids of 1 gm. of the oil. 


Tabulation of Analyses. 


It was not possible to obtain samples of each species at varying 
seasons, hence of some fish but one analysis appears in the tables. 
It is believed that, aside from their interest in the light of seasonal 
variation, such analytical data are of value from the composi- 
tion viewpoint alone. Tables III, IV, V, and VI record the re- 
sults obtained. The values given are in all cases the average of 
two or more concordant determinations. 


DISCUSSION. 


Biological Stgnificance of the Fat Content. 


Many sea fish travel in schools, or migrate, in response to stim- 
uli of which we are still ignorant and to regions often unknown at 
definite times of the year. They feed on small animal organ- 
isms, lower plant forms, or other fish, depending upon the habits 
of the various species. In the contest: with fellow members of 
the school, certain fish will fare better in feeding than the less 
strong and active ones. This may account for the fact that fish 
of the same size from. the same school occasionally vary consid- 
erably in fat content. ‘The fish in Table VII were taken from 
the same school and show an exceptional degree of variation in 
this respect. 


2 Hanus, J., Die Anwendung von Jodmonobromid bei der Analyse von 
Fetten und Oelen, Z. Untersuch. Nahrungs.-Genussmittel, 1901, iv, 913. 

3 Official and provisional methods of analysis, U. S. Dept. Agric., Bureau 
of Chemistry, Bull. 107 (rev.), 1909, 136. 
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TABLE VII. 


Analyses of Weakfish from the Same School. (Caught November 11, 1914.) — 
Composite Samples of Three Fish Each. | 


No. of sample. Solids. Fat. Ash. Total nitrogen. 
per cent per cent per cent per cent 
1 22.88 1.35 1.16 3.13 
2 23.35 2.47 1.10 3.13 
3 25.51 4.88 te Fe) 3.09 
4 28.22 8.03 1312 3.19 


A study of Table IV shows that weakfish may contain more 
fat in the spring than in the early autumn. We know but little 
of the habits of the weakfish. However, during September we 
find them full of feed, although the fat content of the fish is ex- 
tremely low; for example, 0.52 per cent. It may be deduced 
from this figure that the fish have recently entered upon a feed- 
ing period, which assumption is further confirmed by the fact 
that later in the year—about the middle of November—as much 
as 8.03 per cent of fat was found (Table VII). 

The literature fails to record the analysis of the flesh of the 
shad before and after its spawning migration. Accordingly, a 
study of this fish was made, covering a period of about 2 months, 
during which time the fish had appeared at the mouth of the 
rivers and had ascended them to fresh water. ‘The later analyses 
were made at the close of the shad season. The results are shown 
in Table IV. The most striking differences are those in the fat, 
this constituent decreasing from 14.48 per cent before spawning 
in April to 2.95 per cent after spawning in June. ‘There is like- 
wise a decrease in the water-soluble and coagulable nitrogen, an 
increase in the specific gravity, iodine number, and acid value 
of the fats, and a lowering of their saponification numbers. 

The shad, like the salmon, does not feed from the time it en- 
ters upon spawning migration until it returns to the feeding 
grounds. Some of the fat is consumed in the tissues to furnish the 
energy necessary for ascending the rivers, and the remainder is 
probably transferred to the roe and milt. It would be profit- 
‘able to extend this investigation to a similar study of the’ hanes 
in other fish at spawning time. ' 
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A fundamental relation, which is indicated not only by these 
results but likewise by the results obtained by Atwater (1), is 
that as the fat content increases the water content decreases, the 
protein remaining practically the same. This is strikingly shown 
in Table VIII in four species of fish whose fat content varies from 
0.15 per cent to 14.48 per cent. The fat-free solids, which con- 
sist of nitrogenous and mineral constituents, vary but slightly 
from the mean value of about 21 per cent, showing that the gain 
or loss in fat is compensated for by a corresponding gain or loss 
in water rather than protein. 


TABLE VIII. 
Relation between the Amounts of Fat, Water, and Nitrogen in the Fiesh of 
Fish, 

Kind of fish. | Water. Solids. Fat. ae . 
per cent per cent per cent per cent 
Ped STS el) A pal pen ee ie age aa 79.10 20.90 0.15 20, 75 
SPST ICs 2) UN ae el 70.96 29.04 8.10 20.94 
Spans Mackerel... ie Kae ees. 66.99 33.01 12.59 20.42 
eliketel cts 2 SRA Uae ae te ROS De ee 64.68 35.32 14.43 20.89 


A study of the values obtained for the fat constants of the fish 
oils shows that they are fairly uniform for the different species 
analyzed. These constants will average, as a rule, approximately 
as follows: 


; : 25 
Specific gravity at 5 BREA aloe oye ty 5 Cd cahn fa asad st Sagi Se 0.9220 
eee Ee T EL SAGELOIE PU aot cand 0S deseors wi che ode, Biaxcinvane sche “ered t 1.4750 
PARODY Ol ot Pe ced ee ee, EN oA aN encl ec kn Soap h onde SG 110-130 
Pee RORTE CHU LOTION Cle OO ethereal eta te Feats alt Win si spn) cig tons 180-190 


They are characteristic of fish oils commonly classed with dry- 
ing oils. | 

A study of the figures obtained for the acid value of the oils 
(Table VI) shows that, in general, when fish are low in percent- 
age of fat, the acid value will be high, and when the fat con- 
tent is high the acid value will be low. This seems to point to 
‘the presence in the tissues of fish, in a more or less constant pro- 
portion, regardless of the fat content, of an acid substance sol- 
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uble in the fat solvent, or carried out with the fat. Accordingly, 
when the fat content of the fish is high the acid value is low, be-. 
cause the proportion of this substance to the total fat is low. 


The Cs of the Vartation in the Distribution of Nitrogen lef 
the Flesh. 


An examination of the nitrogen distribution, as given in Table 
IV, brings out certain facts. It will be observed that not only 
was the amount of nitrogenous substance soluble in cold water 
determined, but also the amount extracted by boiling water. The 
latter solvent was used because of the likelihood of relatively 
large, and possibly significant, quantities of gelatin-like substances 
in fish tissues. The results indicate that the amount is more or 
less constant for fish of the same species but may vary with 
difference in species. This trend is much more clearly shown 
in the amount of nitrogenous substances soluble in cold water, 
where it is seen that the amount of water-soluble nitrogen and 
coagulable nitrogen is fairly constant for the same fish taken at 
different times, while the amounts of these substances may be 
widely different for different species of fish. 

The quantity of nitrogen obtained by aeration is generally ac- 
cepted as indicating the progress of postmortem changes in the 
composition of flesh, especially those of decay as opposed to 
ripening changes. The quantities of ammoniacal nitrogen ob- 
tained from fresh fish of different species become, therefore, of 
importance. It must be remembered that the fish used in this 
study were all very fresh in the market sense of that term. 
Undoubtedly a greater time between catching and analyzing 
elapsed in some cases than in others. Additional observations 
indicate that had all the fish been examined immediately after 
removal from the water the quantity of this constituent would 
have been more uniform in the different samples. However, 
such variations as frequently prevail between the ammoniacal 
nitrogen in the flesh of the fat-poor and fat-rich tissue cannot be 
disregarded, nor can they be referred to decomposition changes. 
A further study of this point is needed. From unpublished data 
we know that fish packed in ice gradually lose some of their am- 
moniacal nitrogen owing to the solvent effect of the water. A 
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decomposed fish which has been standing with ice may show a 
low content of ammoniacal nitrogen for this reason. 


The present report deals with the composition of the edible 


flesh of the fish exclusively. It is realized that a similar analyt- 
ical study should be made of the viscera of fishes, especially the 
livers, before attempting to attach to the present data undue 
biological significance. 


10. 


ri; 


12. 


13. 
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A METHOD FOR THE PREPARATION OF TAURIN IN 
LARGE QUANTITIES.* 


By CARL L. A. SCHMIDT ann THOMAS WATSON. 


(From the Hearst Laboratory of Pathology and Bacteriology and the Depart- 
ment of Biochemistry of the University of California, Berkeley.) 


(Received for publication, January 22, 1918.) 


For the preparation of large quantities of taurin for experi- 
mental work being carried on in this laboratory, we have found 
that the abalone, Halzotes, which can be obtained in quantity 
on the Pacific coast, is an excellent source for this substance, 
giving larger yields than can be obtained from ox bile, the more 
common source for taurin.! Kelly? found that tanriu was pres- 
ent in Pecten opercularts and Mytilus edulis, and it was likewise 
found by Merdel* in the muscle of Halzotzs. 

Miyake, working in this laboratory with Takeoka,* prepared 
taurin from the abalone. His process was to precipitate the pro- 
teins in the aqueous extract obtained by pressing out the juice 
from the finely ground and boiled abalone muscle, by the addi- 
tion of potassium aluminum sulfate, filtering, and removing sul- 
fates by barium hydroxide. The excess of the latter was removed 
by carbon dioxide precipitation and the taurin repeatedly crystal- 
lized. | 

We have used Miyake’s method a number of times and found 
that it was not the most economical and suitable method when - 
large amounts of material are to be used. The difficulties of fil- 
tering and washing the enormous precipitate of barium sulfate 


* Work aided by a grant to the Medical Research Committee from the 
State Council of Defense, and the George Williams Hooper Foundation for 
Medical Research. 

1 Salkowski, E., Virchows Arch. path. Anat., 1873, lviii, 460. Tauber, 
S., Beitr. chem. Physiol. u. Path., 1908, iv, 323. 

2 Kelly, A., Beitr. chem. Physiol. u. Path., 1904, v, 377. 

3’ Mendel, L. B., Beitr. chem. Physiol. u. Path., 1904, v, 582. 

4 Takeoka, M., J. Infect. Dis., 1917, xx, 442. 
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led us to look for an easier method. In our hands the method 
described below has given better yields of taurin than that used 
by Miyake and has enabled us to work with larger quantities of 
material at less expense. Several kilos of taurin hawe been pre- 
pared by this method. | : 

After removal of the shell and intestinal tract of the abalone, 
the muscle is finely ground, heated in a steam sterilizer for a 
number of hours, and the juice removed by pressure. The re- 
sultant cake is reground and again extracted by addition of dis- 
tilled water and heating. To each 18 liters of the combined ex- 
tracts is added sufficient glacial acetic acid (about 15 cc.) to 
make the concentration 0.02 n. This gives the maximum pre- 
cipitate of protein. After heating for several hours the liquid 
is transferred to settling bottles, the clear supernatant liquid 
syphoned off, and the remainder filtered. To the combined fil- 
trates 100 cc. of strong hydrochloric acid are added, the mixture 
is again heated, and a small additional precipitate removed as 
before. The clear liquid is evaporated to about one-third of its 
volume, 500 ce. of strong hydrochloric acid are added, and the 
mixture boiled until a test sample shows no precipitation of pro- 
tein on addition of several volumes of alcohol. The liquid is 
further concentrated and taurin precipitated by the addition of 
sufficient alcohol to give a concentration of 60 to 70 per cent. 
On cooling, large amounts of taurin crystals separate, which are 
filtered and washed with 60 per cent alcohol. The taurin is fur- 
ther purified by boiling with charcoal, crystallizing from water, 
and washing the crystals with small amounts of water until free 
from sulfates. Determination of sulfur gave theoretical values. 
Eight dozen abalones (74 kilos of muscle) gave a yield of 340 
gm. of taurin. 

An additional yield of 22 gm. was obtained by precipitating 
the sulfates in the mother liquor by addition of barium hydroxide 
and crystallizing the taurin. This gave a total yield of 362 gm. 


ON THE ELIMINATION OF TAURIN ADMINISTERED 
TO MAN.* 


By CARL L. A. SCHMIDT, EDWARD VON ADELUNG, anv 
THOMAS WATSON. 


(From the Hearst Laboratory of Pathology and Bacteriology and thé Depart- 
ment of Biochemistry of the University of California, Berkeley.) 


(Received for publication, January 22, 1918.) 


Apparently the only experiments concerned with the elimination 
of taurin administered to man were carried out by Salkowski.! 
He found that taurin taken by mouth was eliminated to the ex- 
tent of about 87 per cent in the urine, but none of the sulfur 
appeared in the oxidized form. In fact, the greater portion of 
the taurin was eliminated as taurocarbamic acid. Symptoms 
of diarrhea followed the ingestion of 5 gm. doses of taurin. Taurin 
was found. by Salkowski to be toxic for rabbits when given by 
mouth. 

In connection with other experiments being carried out in this 
laboratory it was desirable to study further the elimination of 
taurin when administered in various ways to man. For this 
purpose subjects were placed on simple constant diets and sulfur 
determinations made in periods preceding and following the ad- 
ministration of taurin. Ringer’s solution containing about 6 
per cent of taurin was used for the injections. The results ob- 
tained are summarized in the tables which follow. 

A perusal of the tables shows that the increase of urinary 
sulfur following the administration of taurin occurs almost en- 
tirely in the neutral sulfur fraction, although there is a slight but 
unmistakable rise in inorganic sulfur following the administration 


* Work aided by a grant to the Medical Research Committee from the 
State Council of Defense, and the George Williams Hooper Foundation 
for Medical Research. 

1 Salkowski, E., Virchows Arch. path. Anat., 1873, lviii, 460; Ber. chem. 
Ges., 1872, v, 637. | 
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TABLE. I. 
Subject 1. 


Inor- | Ethe- |Neutral| Total 


Day of experiment. Ser Lseal auibfivest ail neies Remarks. 
roc Web t sed Ge A EC ee 
gm. gm. gm. gm. 
1 0.382! 0.077} 0.071} 0.530 
2 0.410] 0.084} 0.045] 0.540 
ios ae 0.424) 0.083} 0.058) 0.566 
Averages.....| 0.406) 0.081] 0.058} 0.545 
4 0.483} 0.050} 1.023} 1.557} 5 gm. of taurin (S = 1.285 
| gm.) taken by mouth. 
5 0.489} 0.062; 0.090) 0.592 
6 0.480} 0.067; 0.084; 0.581 
ak 0.385] 0.072) 0.079) 0.536 
a SN NN SE Se dd i nl ee OI A 
TABLE II. | 
Subject 2. 


Inor- | Ethe- Neutral] Total 


Day of experiment. ie : Econ siitael salir: Remarks. 
gm. gm. gm. gm, 
1 0.473) 0.032) 0.092) 0.597 
2 0.428) 0.040; 0.101; 0.568 
3 0.398} 0.053} 0.088} 0.538 
Averages..... 0.433} 0.042} 6.093) 0.568 
4 0.398) 0.042} 0.489] 0.928) 3 gm. of taurin (S = 0.771 
gm.) intravenously. 
5) 0.428} 0.029). 0.339} 0.796 
6 0.437; 0.042) 0.065) 0.544 
7 0.450; 0.070) 0.061} 0.582 


of taurin by mouth, as shown by Subjects 1 and 3, showing that 
slight oxidation has taken place. The taurin is almost entirely 
eliminated within the 24 hours following the administration, 
although a slight rise above the normal is still apparent in the 2 
following days. This is especially noticeable in the case of Sub- 
ject 2. For Subjects 1 and 2 a recovery of 86 and 75 per cent 
respectively of the taurin sulfur was obtained in the urine. These 
figures are based on the assumption that the average values ob- 
tained in the foreperiod can be taken as a constant for the 3 days 
following the taurin administration. Owing to a greater varia- 
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TABLE III. 
Subject 8. 
Day of experiment. anie real eee re Remarks. 
gm. gm. gm. gm. 

1 0.448) 0.031} 0.057} 0.544 

2 0.404) 0.029} 0.099} 0.531 

3 0.419) 0.042) 0.130} 0.591 

Averages..... 0.424) 0.034} 0.095) 0.555 : 

4 0.439) 0.035} 1.751) 2.225} 10 gm. of taurin (S = 2.48 
gm.) subcutaneously. 

5 0.444) 0.044) 0.132) 0.619 

6 0.499) 0.053] 0.101) 0.652 

7 0.706) 0.044) 1.238) 1.988) 10 gm. of taurin (S = 2.48 
gm.) by mouth. 

8 0.516) 0.048) 0.127) 0.692 

9 0.468} 0.029) 0.119) 0.615 

10 0.417} 0.030} 2.006} 2.453} 10 gm. of taurin (S = 2.63 
gm.) intravenously. 

11 0.492} 0.031} 0.202) 0.725 

12 0.560! 0.026} 0.152| 0.739 


13 0.535] 0.032 0.109) 0.676 


tion in the sulfur content of the diet of Subject 3 the sulfur out- 
put for the 3rd day following the taurin administration is taken 
as the normal value for that period. This gives a percentage 
recovery of the taurin sulfur in the urine, when given subcutane- 
ously, by mouth, or intravenously, as 62, 59, and 72 per cent 
respectively. These figures compare favorably with those re- 
ported by Salkowski. Pending the development of an easy 
method for determining the forms of neutral sulfur on which work . 
is under way, we give no results as to the amounts and nature 
of the compounds by which taurin is excreted in the urine. 

It should also be noted that contrary to the findings of Salkow- 
ski, no symptoms which could be attributed to the administra- 
tion of taurin were shown by the human subjects with the doses 
given, or even when larger amounts were employed. Large 
amounts may also be given intravenously to rabbits without 
toxic effect. 
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SYNTHESIS AND OXIDATION OF TERTIARY 
HYDROCARBONS. 


"By P. A. LEVENE anv L.. H. CRETCHER, Jn. 
- (From the Laboratories of The Rockefeller Institute for Medical Research.) 


(Received for publication, January 31, 1918.) 


The present investigation was evolved from the previous work 
on the structure of branched chain fatty acids. Levene and 
Allen! have called attention to the lack of a convenient method 
for determining the location of the tertiary carbon atom in the 
‘branched chain fatty acids. An attempt was made to solve the 
problem by the oxidation of the fatty acids themselves in the 
hope that the tertiary carbon atom, as the one most susceptible to 
oxidation, might prove to be the point of disruption of the carbon 
chain. It is still possible that the solution of the problem may 
be reached by this mode of attack. Experience has shown, how- 
ever, that the oxidation of any fatty acid takes place at more 
than one point of its carbon chain. Because of this the products 
of oxidation are numerous and it is not always an easy task to 
formulate the structure of the original molecule on the basis of 
many fragments. Hence it was thought that an advantage 
might be gained if prior to oxidation the molecule of the acid 
could be so transformed as to possess fewer points susceptible to 
the action of oxidizing agents. It was natural to think in this 
connection of the hydrocarbons, since every fatty acid is readily 
‘convertible into the corresponding hydrocarbon. 

Can tertiary hydrocarbons be oxidizéd by a permanganate 
solution, or by some other ‘oxidizing agent? The literature on 
the subject is very meager. In 1901, Zelinsky and Zelikow? 
made the observation that 3-methylpentane is readily oxidized 
by means of potassium permanganate. Prior to that observa- 


1 Levene, P.'A., ‘and Allen, C:'‘H., J. Biol. Chem., 1916, xxvii, 433. 
2 Zelinsky, N., and Zelikow, J., Ber. chem. Ges., 1901, xxxiv, 2865. 
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tion it was universally accepted that saturated aliphatic hydro- 
carbons are not attacked by this reagent. 7 

The observation of the Russian chemists has not been followed 
up bya study of the products of oxidation, nor has it been extended 
to observations on other hydrocarbons. The present work was 
undertaken with the object of obtaining the lacking information. 

Since few tertiary hydrocarbons are readily accessible the work 
naturally fell into two parts, one directed towards the synthesis 
of tertiary aliphatic hydrocarbons and the other to the study 
of their behavior towards potassium permanganate. The work 
is reported in its present incompleteness because one of the 
authors has accepted a commission with the United States 
Army. 

The most practical and economical way for the preparation of 
the hydrocarbons was found to be the one based on the reduction 
of acids obtained by the malonic ester synthesis. In a general 
way the routine adopted in the work of Levene and Allen was also 
followed here. However, a marked improvement was introduced 
in the method of the reduction of esters to the corresponding alco- 
hols. The details are given in the experimental part. Up to the 
present there were prepared all the intermediate substances leading 
up to 2-butylhexane as well as the hydrocarbon, also all the in- 
termediate products leading up to 4-butyloctane but not the 
hydrocarbon. 

Regarding the behavior of 2-butylhexane towards perman- 
ganate it -was found that it readily underwent oxidation in an 
alkaline solution of the reagent. However for the purpose 
of the study of the products of oxidation, special conditions 
had to be chosen. Namely, it was found that when the oxi- 
dation was permitted to proceed at moderately elevated tem- 
peratures (between 80-90°C.), the only oxidation products that 
could be detected were formic and carbonic acids. On the other 
hand when the oxidation was conducted at a temperature in the 
neighborhood of 25°C. evidence was obtained of the formation 
of butyric acid. This acid was identified as its silver salt. The 
present experiment was carried out only on a small sample of 
material. It is intended to continue the work on a larger scale. 

The experience gained up to the present is important in as far 
as it indicates the conditions of experimentation which will per- 
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mit the isolation of intermediate products of oxidation of the 
tertiary hydrocarbons. 


EXPERIMENTAL. 
Diethyl Dibutylmalonate. 


COOC.H; 


Cu i 
a 
C.H,” | 


COOC.H; 


This ester was obtained by the action of butyl iodide and sodium 
ethylate upon diethyl malonate. One molecule of sodium ethylate 
and one of butyl iodide were added to malonic ester and the mix- 
ture was boiled until neutral. After the first substitution was 
complete another molecule of sodium ethylate and butyl iodide 
were added and the mixture was again boiled on the water bath 
until it was no longer alkaline to litmus. The attempt to make 
both substitutions at the same time, z.e. by heating the malonic 
ester with two molecules of sodium ethylate and of butyl iodide, 
gave unsatisfactory results. Diethyl dibutylmalonate boils at 
153=154° at 14 mm. (corrected). 


0.1006 gm. substance gave 0.2464 gm. CO, and 0.0938 gm. H.O. 
Calculated for Found: 


15f128U4: 


is? an ae ae ie ea tae OS Oe Ore 66.58 66.80 
fA esos Sit cP AC aE as Mem Ne rae Gehl, ln he 10.29 10.42 


Debutylmalonic Acid. 


This substance was prepared by the saponification of the cor- 
responding ester in the following manner. Malonic ester was 
converted into diethyl dibutylmalonate as described above. For 
the preparation of this acid in quantity the ester was not iso- 
lated, but to the alcoholic solution of the ester resulting from 
the treatment of malonic ester with sodium and butyl iodide 
there was added a solution of potassium hydroxide in the mini- 
mal amount of water. The solution was boiled on the water 
bath under a reflux for 10 hours to complete the saponification, 
the mixture was then transferred to a large beaker, the alcohol 
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evaporated, a small amount of water was added, and the acid 
liberated by the addition of concentrated hydrochloric-acid to the: 
cooled solution. The acid separated in solid form. It may be 
recrystallized from benzene from which solvent it separates in 
long, transparent, prismatic needles. It is slightly soluble in 
water but practically insoluble in concentrated salt solution. 

114 gm. of this dibasic acid were obtained from 100 gm. of 
malonic ester, corresponding to a yield of 84 per cent of the 
theory. Dibutylmalonic acid melts at 163° with slight mages 
position. 


0.1461 gm. substance gave 0.3260°gm. CO: and 0.1199 gm. H,0O. 


Calculated for Found: 

-C11H2001: ; 
CUO, thie iiyis: ROR SEL RN OR et i a ee 61515 60.85 
Ws Brera, en rer EE oe ets en Ry PE gf 9.20 9.19 


— 2-Butylhexylic Acid. 


CH 
eHcooH 
CH, 


The following will describe a typical experiment by which this 
acid was prepared. 120 gm. of dibutylmalonic acid: were heated 
in a distilling flask to 180°. This temperature was maintained 
until the carbon dioxide was no longer evolved. ‘The liquid re- 
maining in the flask was then distilled. At atmospheric pressure 
2-butylhexylic acid boils at 255° (corrected); at 16 mm. the 
boiling point is 153°. The specific gravity at 16° is 0.899. The 
yield was 90 gm. ; 


0.1681 gm. substance gave 0.4285 gm. Co, and 0.1711 gm. H2O. 


Calculated for Found: 

CioH2002: | 
BRAD mR OP SOI eis ee ob st cad, ar Migr ea 69.76 69.51 
El vex. Bid Spaced shld An ated nites aie et fo iah phere ais er weet LD Be 11.39 


Ethyl 2-Butylhecylate. 


130 gm. of the corresponding acid were boiled for 8 hee with: 
four molecules of absolute alcohol and a small amount-of sulfuric 
acid. The yield of’ ester was 144 gm. Ethyl pian 
boils at 114 115° at LS mm. (corrected). 
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0.1004 gm. substance gave 0.2652 gm. CO, and 0.1060 gm. H,0. 


Calculated for Found: 

tak fens 76 12h 24Oz. 
bieoraee et ARE Eee SESE vie eS 72.00 71.98 
ja en id cig Ee JS a eee Bi thr Ties ates eh 12.00. 11.85 


2-Butylhexyl Alcohol. 


The method used for the reduction of ethyl 2-butylhexylate to 
2-butylhexyl alcohol was essentially the same as that described 
by Levene and Allen. However, it has been found, in this in- 
stance, that the time of reduction can be reduced to half provid- 
ing the following two changes in procedure are observed: The 
mixture of alcohol and ester should be added so slowly that no 
initial cooling is required. That stage of the reaction having. 
been reached when the addition of alcohol ceases to cause more 
refluxing, the remainder of the alcohol necessary to affect com- 
plete solution of the sodium is rapidly added. In this way the 
reduction may be completed in about 25 minutes and the yield 
in no way impaired. The yield of .aleohol corresponds to be- 
tween 65 and 70 per cent of that theoretically possible. The acid 
resulting from saponification was recovered after the manner 
described by Levene and Allen. The alcohol boils at 218-219° 
(corrected). Its specific gravity is 0.836. 


0.1447 gm. substance gave 0.4044 em. CO, and 0.1802 gm. H.0. 


Calculated for , Found: 

CioH20: 
this . So cee wete oo, eR eS eae sc gon Ss oe (ae! 76.14 
(SD clean Raia oy Oe re n18.92 13.93 


2-Butylheryl [ odide. 


2-Butylhexyl alcohol was boiled for 5 hours with three molecules 
of constant boiling hydriodic acid. The yield of iodide was 
about 80 per cent. The boiling point is +124-125° at 13 mm. 
(corrected). The specific gravity is 1.267. 


0.2242 gm. substance gave 0.1956 gm. AglI. 
Calculated for Found: 


1ofleth: 


47 .38 47.16 
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2-Butylhexane. 


2-Butylhexane was prepared by the reduction of the corre- 
sponding iodide with zinc and glacial acetic acid. 75 gm. of iodide 
were mixed with 350 cc. of glacial acetic acid and allowed to stand 
3 days on the water bath under a reflux. 60 gm. of powdered 
zine were added in small amounts. On addition of water two 
layers were formed; the upper layer of hydrocarbon, after re- 
fractionation, weighed 25 gm. The boiling point of 2-butyl- 
hexane is 165° (corrected). The specific gravity is 0.738. 


0.1010 gm. substance gave 0.3726 gm. CO, and 0.1394 gm. HO. 


Calculated for Found: 
104122: 
GSES. coin CR Te eae 84.51 84.41 


Teas dea dadeeeale thar elca een. Weide ante G ae ee ee 15.49 15.41 


Diethyl 2-Butylhexylmalonate. 


90 gm. of malonic ester (an excess of 20 per cent above the 
theory) were converted into the monosodium derivative by the 
addition of 10.6 gm. of sodium in alcohol; 125 gm. of 2-butyl- 
hexyl iodide were slowly added and the mixture was boiled on 
the water bath until neutral. The yield of the substituted ester 
was 90 gm. This ester boils at 180° at 14 mm. (corrected). 


0.1064 gm. substance gave 0.2664 gm. CO: and 0.0972 gm. H,0O. 


Calculated for Found : 
& 17143204: 5 
CONTEC Si er remee trite Mein MAU ras RAN mm TUS a Fe 68 .00 68 .29 
ia Oye Pepe ti NEEM Dek iba SNe ore in et ah 10.60 10.23 


2-Butylhexylmalonic Acid. 


This acid was prepared from the corresponding ester by sa- 
ponification with potassium hydroxide in alcohol solution. It 
crystallizes from low boiling: petroleum ether in transparent, 
rhombic needles which melt at 88° (corrected). 


0.1018 gm. substance gave 0.2384 gm. CO: and 0.0876 gm. HO. 
Calculated for Found: 
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4-Butyloctylic Acid. 


The method used for the preparation of this acid was exactly 
analogous to that described for the preparation of 2-butylhexylic. 
acid. The boiling point is 173-174° at 12 mm. (corrected). The 
specific gravity is 0.901. 


0.1034 gm. substance gave 0.2736 gm. CO, and 0.1108 gm. H,0O. 
Calculated for Found: 


Ethyl 4-Butyloctylate. 


In the preparation of this substance 36 gm. of 4-butyloctylic 
acid were boiled for 6 hours with four molecules of absolute alco- 
hol and a few drops of sulfuric acid. The refractionated product 
weighed 32 gm. It boils at 139° at 10 mm. (corrected). 


0.1000 gm. substance gave 0.2692 gm. CO, and 0.1104 gm. H,0. 
Calculated for Found: 


4-Butyloctyl Alcohol. 


28 gm. of the above ester upon reduction yielded 14 gm. of 
alcohol. The boiling point is 189° at 15mm. Its specific gravity 
is 0.841. 


0.1266 gm. substance gave 0.3584 gm. CO» and 0.1266 gm. H,0. 


Calculated for Found: 
CireH 260: 


ee ee ee es huslei thus ote ela weeds a «4 « 77.29 77.20 
Ee en ee ye a ako aielels Se 13.57 13.90 


4-Butyloctyl Iodide. 


This iodide was prepared by boiling a mixture of 10 gm. of the 
corresponding alcohol with four molecules of constant boiling 
hydriodic acid. The yield of iodide was 14 gm. It boils at 143° 
at 8mm. Specific gravity, 1.194. 
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0.1992 gm. substance gave 0.1566 gm. AgI. 


‘Calculated for Found: 


[ee er RUN ad We eee 42.90 42.32 


* Oxidation of 2-Butylhexane. 


The hydrocarbon was oxidized by allowing it to stand in con- 
tact with an alkaline solution of potassium permanganate at 
room temperature for about 4 weeks. Three equivalents for per- 
manganate were used, enough water being added to make the 
concentration of the permanganate 5 per cent at the beginning of 
the oxidation. Only a small amount of the hydrocarbon was 
oxidized. The unoxidized portion was separated from the aqueous 
layer, the latter acidified and distilled with steam into diluted 
ammonia. This distillate was concentrated to a small volume 
in vacuo and the fatty acid precipitated as the silver salt. 


0.0971 gm. silver salt gave on ignition 0.0531 gm. silver. 
Calculated for Found: 


AB toc Mil eek tae ga a 55.38 64.68 


COPPER-PHOSPHATE MIXTURES AS SUGAR REAGENTS. 


A QUALITATIVE TEST AND A QUANTITATIVE TITRATION METHOD. 
FOR SUGAR IN URINE. 


By OTTO FOLIN anp W. S8.:McELLROY. 
(From the Biochemical Laboratory of Harvard Medical School, Boston. 1 


(Received for publication, January 25, 1918.) 


In connection with a previous investigation! it was observed 
that alkaline phosphates can hold copper hydroxide in solution. 
So far as we know phosphates have never been used as a solvent 
for copper hydroxide in the preparation of reagents for sugar, 
yet it was thought that phosphates might possess distinct advan- 
tages for these purposes. They are less expensive than tartrates, _ 
citrates, or glycerol, they do not reduce sugar, and they tend to 
regulate the degree of alkalinity at a lower level of hydroxy] ion 
concentration than is obtained by carbonates alone; a given 
amount of sugar should consequently reduce more copper in such 
solutions. 7 

The serviceability of phosphates in the preparation of copper 
reagents for sugar was soon demonstrated, but they can be used 
in so many different ways that it has been rather difficult to de- 
cide which combination to adopt. (Potassium salts have been 
excluded on account of their cost.) 7 

Qualitative Test for Sugar in Urine.—One good copper-phosphate 
reagent is made as follows: Dissolve 100 gm. of sodium pyrophos- 
phate (vu. s. P.), 30 gm. of crystallized disodium phosphate, and 
50 gm. of anhydrous sodium carbonate, in about 1 liter of water. 
To this solution add 13 gm. of copper sulfate previously dissolved 
in about 200 ce. of water. The solution seems to keep indefinitely, 
except that in cold weather some phosphate may crystallize 
out. The reagent should therefore not be left in very cool places, 
although 19 makes little or no difference whether a small part of 


1 Folin, O., and Denis, W., J. Biol. Chem., 1916, Xxvl, 477. 
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the phosphate has formed a crystalline cake in the bottom of the 
container. 

The solution is used exactly as is Benedict’s reagent for sugar: 
To about 5 cc. in a test-tube add 5 to 8 drops of urine (not over 
0.5 ce.) and boil 1 minute, or heat in boiling water for 3 to 5 
minutes. Minute traces of sugar are indicated by various grades 
of turbidity, as in Benedict’s test; larger amounts, by unmistak- 
able cuprous oxide precipitates. The test is quite as sensitive 
and reliable as Benedict’s and a trifle more prompt. The only 
point of distinction which should be noted in the use of this re- 
agent is that unless a very marked turbidity is noted in the hot 
solutions the result must be regarded as clinically negative. The 
slight turbidity occurring after cooling represents only the re- 
ducing action of normal urine. £ | 

Quantitative Titration of Sugar an Urine-—The quantitative 
method described below for the titration of sugar in urine we 
believe to, be practical and inexpensive. 

The only solution required is an acidified copper sulfate solu- 
tion containing 60 gm. of CuSO,.5HOs, per liter.2 5 cc. of this 
solution correspond to 25 mg. of dextrose or levulose,? 45 mg. of 
anhydrous maltose, or 40.4 mg. of anhydrous lactose. The other 
necessary reagent is a dry mixture containing 100 gm. of diso- 
dium phosphate crystals (HNa,PO,.12H,O), 60 gm. of dry 
sodium carbonate (NasCO3. HO), and 30 of sodium or potassium 
sulfocyanate. These salts are mixed together in a large mortar; 


2 Pure copper sulfate solutions gradually decompose slightly giving a 
sediment of copper hydroxide, or silicate. This decomposition is presum- 
ably caused by the solvent action on the glass. To prevent it add about 
2 cc. of concentrated sulfuric acid for each 30 gm. of copper sulfate used, 
in making the standard 6 per cent copper sulfate solution. 

3 In titrations of levulose the oxidation is so rapid and complete that 
practically no attention need be paid to the time factor, so important in 
the titration of other sugars. A levulose titration can be finished in about 
2 minutes. : 

The dextrose and levulose used were Kahlbaum preparations giving 
correct polariscope values. The milk sugar was purified by recrystalli- 
zation from dilute alcohol and acetone. The maltose was a sample of 
Kahlbaum’s, but contained traces of dextrin. It was purified by dialyz- 
ing for 3 hours, and the maltose value determined by the polariscope in 
the dialysate was accepted as representing pure maltose. We have not 
been able to obtain any strictly pure maltose. 
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the mixture keeps indefinitely.4| Less than 1 gm. of the sulfo- 
cyanide, now so difficult to obtain, is consumed for each titration. 

The titrations are made in test-tubes. By this innovation 
the following advantages are gained: (1) the cost of chemicals is 
greatly reduced; (2) the preliminary heating period is very short; 
(3) there is no need for regulating the flame to some definite 
speed of boiling as this is accomplished by moving the test-tube 
sidewise through the flame; (4) the disappearance of the last 
traces of blue color is more sharply marked because the volume 
of liquid is small; (5) there is little or no return of any blue or 
green color at the end of the titration. Independently of the 
shape of vessel used for the titration the return of a blue or green- 
ish color by reoxidation is very slow in our titration mixtures. 
Using pure sugar solutions and test-tubes the titrated solutions 
remain colorless for several hours. 

The titrations are made on undiluted urine even when as 
much as 6 or 7 per cent of sugar is present. This simplification 
is made possible by attaching to the tip of an ordinary 25 cc. 
glass-stoppered burette another tip, consisting of a glass tube 
drawn out at one end to an almost capillary bore. It is a very 
simple matter, and requires only a few minutes’ work, to make 
a dozen such tips which will deliver between 45 and 55 drops of 
urine per cc. We have found these fine tips very helpful in many 
other kinds of accurate titrations; they permit the measurement 
of 4 fraction of 1 ce. with almost as great an accuracy as the 
measurement of 5 cc. with an ordinary burette. 

The burettes carrying accessory tips are most conveniently 
filled by suction instead of by pouring in the urine from the top. 
This mode of filling the burette avoids all spilling of urine, all 
foaming within the burette, and all waiting for the meniscus to 
reach the proper level. The filling of the burette by suction has 
also the advantage that it eliminates the necessity of rinsing the 
burette with the sugar solution or urine to be titrated. A 5 per 
cent urine can be used directly after a 0.5 per cent one, or vice 
versa. That this is the case can be shown by filling the burette 
with water after it has just been emptied from a urine containing 

4 When first made the salt mixture tends to cake or set a trifle. If it is 


left in the mortar or other vessel, covered with paper, over night and is 
then stirred up once more, before bottling, it does not harden again. 
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5. per cent of sugar.and then testing the, water in the lower part 
of the burette for sugar. It contains no sugar.. For the suction 
we use a rubber tube about 30 cm. long, having.a-glass tip at the 
lower end; we attach it to the burette by means of.a small rub- 
ber stopper and a bent glass tube; since the burette needs no 
eleaning or rinsing the suction arrangements need. seldom. be 
removed. The rubber tube can of course be omitted...The 
essential point. is merely to fill the burette, Rese a Dinette, from the 
bottom by means of suction. 


Sugar Titration. 


Fill the burette as described. (by suction) to, the. zero. mark. 
Into a test-tube introduce a pebble, 5 cc. of the copper sulfate 
solution (corresponding to 25 mg. of dextrose), and 4 to 5 gm. of 
the dry salt mixture. Shake and heat until a clear solution is 
obtained; this takes usually only a. few seconds.. Add 25 drops 
of the urine and boil very gently for 2 minutes. If all the copper 
has been reduced the urine contains probably more than 5 per 
cent sugar. In that case the determination must be started 
over again. If the copper is but slightly reduced, yielding only 
a,small amount of white precipitate, add more urine, from 10 to 
25 drops depending, on, the amount of unreduced remaining. cop- 
per, .and.boil gently for another minute. If at the end of the 
second boiling period most of the copper. has been reduced, eom- 
plete the titration by the drop system, keeping count of the num- 
ber of drops added and. boiling 1 minute after each subsequent 
addition of urine. At the end of. the titration determine how 
many additional drops of urine are required. to give a, volume of 
1 or 2 cc. For example, if 37 drops were used in reducing the 
copper another 15 drops may be required to eve a volume of 1 
-.cc. and the volume of urine taken is therefore 3 5.08 11, GC. mee eee 
70 drops were used and 36 more are peedeg tbe bes a. aie of 
2 cc., then the volume of urine used is 7% of 1 cc.; If 50 drops of 
urine have not reduced most.of the copper, then the titration is 
finished by the addition of larger amounts of urine, without 
counting the drops, and at the end of the titration the volume of 
urine taken is determined, as in any other titration, by. the 
reading on the burette. 2.5 divided by the volume of. urine 
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taken, whether this is several cc. or a fraction of 1 cc., gives the 
per cent of sugar in the urme. It 1s, of course, desirable to con- 
firm the results of the titration by a repetition. In this case the 
first addition of urine should be only 2 or 3 drops less than the 
full amount of urine required and the first boiling period should 
be 3 minutes. The titration is then finished by boiling 1 minute © 
after each subsequent addition of urine. The total boiling period 
must not be less than 4 minutes, and if it-is more than-7 the re- 
sults obtained tend to be a trifle high. 5 to 6 minutes is the time 
for which the copper value has been adjusted. 

For accurate work two precautions must be observed in con- 
nection with the drop system of sugar titration: The drops 
should be delivered at a slow rate of speed, not faster than 1 
drop per second. And the portion of the burette most used, the 
first 2 ce., should be calibrated. (1 cc. of distilled water weighs 
about 997 mg.) After the first 2 cc. of the burette have been 
calibrated by weight the remaining parts of the burette can be 
calibrated in a few minutes by means of the drop system. 

Special. Burette for Sugar Titrattons—While very satisfactory 
results are obtained in the titration of undiluted sugar urines 
by means of ordinary burettes and the drop system described in 
the preceding section, we recognize that many who do or teach 
sugar titrations will prefer to pay for fine burettes and thus do 
away with the necessity of keeping count of the number of drops 
used in each titration. Further, a small burette has the advan- 
tage that two or more titrations can be made with as little as 10 
ec. of urine or sugar solution—an important consideration when 
teaching large classes, and also for certain kinds of work, as, for 
example, for the titration of sugar in human milk. We recom- 
mend for this work 5 cc. burettes with glass stop-cocks graduated 
in 0.02 of acc.’ These burettes can be read to within 0.01 of 1 ce. 

These burettes must be filled by suction. The tips of the 
burettes are necessarily too coarse to deliver more than 25 or 30 
drops per cc. The fine accessory tips delivering 45 to 55 drops 
per cc. already described are therefore highly desirable in con- 
nection with these burettes. “In other words, the burettes should 
be used just as ordinary burettes are used in the drop system 


5 Our burettes are made by the Meyer Camera and Instrument Company, 
31-33 East 27th Street, New York. 
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described above except that the counting of the drops is 
omitted. 

The sugar titration described above has been adapted to the 
use of test-tubes instead of evaporating dishes, beakers, or flasks, 
and it has been adapted to the use of undiluted urine. The ob- 
jection to the traditional dilution of urine to a sugar concen- 
tration of 0.5 to 1 per cent is that it cannot be properly made 
except on the basis of a preliminary sugar titration. (In the 
hands of medical students with a limited supply of measuring 
utensils the most frequent cause of gross errors in sugar determ1- 
nations is one or another error or carelessness in connection with 
the dilution.) Our sugar titration can, of course, also be made with 
sugar solutions containing only one-half of 1 per cent of sugar 
and can therefore be made with sugar urines diluted to such a 
sugar concentration. It can also be adapted to the use of flasks 
instead of test-tubes, but only at the expense of chemicals. For 
those who prefer to use flasks, we recommend that the standard 
copper solution contain 3 per cent instead of 6 per cent copper 
sulfate. For 10 cc. of this solution (corresponding to 25 mg. of 
dextrose) 10 gm. of the dry alkaline salt mixture should be taken. 
If much less salt than that prescribed is used the white cuprous 
sulfocyanide is hydrolyzed and traces of red cuprous oxide begin 
to appear and the end-point of the titration becomes less readily 
visible. We believe that very few who have once become familiar 
with the use of test-tubes in sugar titrations will go back to the 
use of flasks, beakers, or other vessels. 


Sugar in Urine. 


No. of urine. New method. Benedict’s method. By the polariscope. 
per cent per cent per cent 
1 1.8 1.78 1.81 
2 4.16 4.2 4.12 
3 2.94 2.94 2.99 
4 1.41 1.43 1.39 
5 0.98 1.05 0.98 
6 6.66 0G 6.63 
7 1.56 1.54 1.52 
8 2.84 2.96 2.89 
9 4.5 4.56 4.45 
10 3.62 3.74 3.68 


O. Folin and W. 8. McEllroy 519 


Sugar urines frequently contain albumin. Albumin does not 
destroy the accuracy of the sugar titration described in this 
paper. Because of the foaming produced by albumin it is, how- 
ever, desirable, indeed necessary, to use rather large test-tubes 
and to boil cautiously so that the contents do not boil over. The 
albumin does alter the appearance and probably also the com- 
position of the cuprous precipitate, making it more flocculent and 
bulky; but, as already stated, the end-point of the titration is not 
changed or obscured by the presence of albumin. 
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THE DETERMINATION OF LACTOSE IN MILK. 
By OTTO FOLIN anp W. DENIS. 


(From the Biochemical Laboratories of Harvard Medical School and of the 
Massachusetts General Hospital, Boston.) 


(Received for publication, January 25, 1918.) 


In this paper we describe two methods for the determination 
of the sugar in milk—a titration method and a colorimetric 
method. Of the two procedures we believe the titration to be 
the more accurate. The colorimetric method has, however, the 
advantage that by means of it a very large number of determi- 
nations can be made more or less simultaneously. 


I. Titration Method. 


In the sugar titration method of Folin and McElroy 40.4 mg. of 
anhydrous lactose have the same reducing value as 25 mg. of dex- 
trose. The lactose value was determined by us because it was 
thought that the method might prove quite as serviceable for the 
titration of the lactose of milk as for the titration of the dextrose 
of urine. Since albumin does not interfere with that titration it 
was hoped that the lactose of milk could be titrated directly, that 
is without any preliminary preparation of protein-free filtrates: A 
remarkably simple method for the determination of the sugar in 
milk would thus be secured. Our conjecture turned out to be cor- 
rect, for we have encountered no difficulties in titrating the lac- 
tose of milk: without first removing the protein and the fat.. By 
means of large numbers of check determinations, using protein- 
free filtrates and determining the sugar by titration, by the 
polariscope, as well as colorimetrically, we have satisfied our- 
selves that the preliminary removal of the protein materials is 
superfluous. Omitting the preparation of protein-free milk fil- 
trates eliminates not only the most tedious feature of the older 
methods for titrating the sugar in milk, but it also does away 
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with the cumbersome ‘‘corrections” for the volume occupied by 
the protein-fat precipitates. 

Because of the extreme variations in the sugar content of urine 
it seemed desirable to be able to titrate it without preliminary 
dilution. In the case of milk the circumstances are entirely dif- 
ferent, for the variations in the sugar content of this secretion are 
relatively very small, and a swztable preliminary dilution, without 
any uncertainty and without any approximate preliminary sugar 
titration, can be made. It has therefore seemed to us rather 
better to dilute milk before titrating, though the titration can be 
made quite well without any such dilution. We recommend a 
dilution of 1: 4 (25 ce. in a 100 ce. flask) for cow’s milk and 1: 5 
(5 ec. in a 25 ce. flask) for mother’s milk. In emergencies, as 
when the quantity of human milk available for the sugar titra- 
tion is very small, a dilution of 1:6 (2 cc. added to 10 ce. of 
water) can be used. 

The titration is made as follows: Into a large test-tube intro- 
duce 2.8 to 3.4 ce. of the diluted milk (that is, nearly the full 
amount expected), 5 cc. of a 6 per cent copper sulfate solution, a 
pebble (to prevent bumping), and 4 to 5 gm. of a dry salt mixture 
(made by mixing, in powdered form, 100 gm. of disodium phos- 
phate, 60 gm. of anhydrous sodium carbonate, and 30 gm. of so- 
dium or potassium sulfocyanate). Shake, and boil gently for 4 
minutes before adding any more milk. At the end of this time 
add more milk (0.02 ce. to 0.10 ec., depending on the amount of 
blue color remaining) and boil again. After each addition of 
milk (except the first) boil 1 minute. The total boiling period 
should be 5 to 7 minutes. 

For the measurement of the milk we recommend the 5 ce. 
burette and other accessories, mentioned in the preceding paper 
in connection with the titration of sugar urines.! 

Calculation: 4.04 multiplied by the degree of dilution (4, 5, or 
6) and divided by the titration figure, gives the per cent of 
lactose present. 


1 We have up to date made over 200 sugar determinations by this new 
titration method—most of them on human milk. This work has developed 
into a relatively. extensive study of the sugar content of human milk and 
will be published later. 
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II. Colorimetric Method for the Determination of Lactose. 


Dehn and Hartman? have already described. a colorimetric 
picrate method for the determination of the sugar in milk. Our 
procedure is materially simpler, and it gives, we believe, as ac- 
curate results as it is possible to obtain by a colorimetric picrate 
method. 

The method is as follows: With an accurate 2 cc. pipette trans- 
fer 2 cc. of milk to a 100 cc. volumetric flask previously half 
filled with saturated picric acid solution. Fill to the mark with 
saturated picrie acid solution, shake, and filter. Transfer 5 ce. 
of the filtrate to a large test-tube or 100 ce. volumetric flask, 
add 15 cc. of saturated picric acid solution and 3 cc. of 20 per 
cent sodium carbonate solution. Mix and place ina boiling water 
bath for 15 minutes. Cool and dilute to a volume of 100 cc. 
The standard consists of a solution of lactose in saturated picric 
acid solution. For use with cow’s milk this solution should 
contain 5 mg. of lactose in 20 ce. For use with human milk it is 
necessary to employ two standards; namely, one containing 5 
and the other containing 7 mg. of lactose in 20 ce. To 20 cc. of 
the standard add 8 cc. of the sodium carbonate solution and 
heat simultaneously with the milk filtrate. Cool, dilute to 100 
ec., and compare the colors in the usual manner in a suitable 
colorimeter. 

According to our experience accurate results cannot be uni- 
formly obtained except by heating the standard simultaneously 
with the unknown and it is therefore absolutely necessary to pre- 
pare a new standard for each set of determinations. Nor can the 
color values of the standard and the unknown be more than 20 
per cent apart. 

In the following table are given a few figures representing 
parallel determinations of lactose in milk made by the colorimetric 
and by the titration methods. 


2 Dehn, W., and Hartman, F. A., J. Am. Chem. Soc., 1914, xxxvi, 404. 
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Determinations of Lactose in Cow’s and in Women’s Milk. 
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Colorimetric 
method. 


per cent 
4.42 
4.08 
4.13 
4.54 
4.87 
4.51 
4.21 
4.37 
4.60 
4.64 
3.08 
5,73 
Dalia 
4.79 
6.73 
6.64 
5.87 
6.37 


Lactose. 


Titration 

method. 

per cent 
4.4] 
4.30 
4.22 
4.46 
4.84 
4.54 
4.23 
4.45 
4.50 
4.68 
3.10 
5.75 
5.05 
4.83 
6.63 
6.53 
5uSit } 
6.40 


NITROGEN CONTENT OF BACTERIAL CELLS. 


I. METHOD. 


By HAROLD C. BRADLEY anv M. STARR NICHOLS. 


(From the Laboratory of Phystological Chemistry and the State Laboratory 
of Hygiene, University of Wisconsin, Madison.) 


(Received for publication, January 5, 1918.) — 


The production of acids, gases, and intermediate products, of 
toxins, agglutinins, and many other protein complexes serves to 
differentiate strains and groups of organisms and at the same 
time furnishes us with considerable interesting data in regard to 
bacterial metabolism. On the other hand, we have very little 
information as to the proximate and ultimate composition of 
bacteria. The difficulties attending the growth of the organism 
in sufficient quantity for accurate analysis and the difficulties of 
the analytical technique have largely prevented the development 
of this aspect of the work. 

We know that higher plants differ from each other in their 
nitrogen content, and in the compounds characteristic of each. 
Enough work has already been done to indicate that wide differ- 
ences may exist in the nitrogen content of bacteria. Nicolle and 
Alilaire (1) and Wheeler (2) give the results tabulated below for 
the nitrogen content of various organisms. 

The results show the wide variation in the nitrogen content of 
various organisms and also the great discrepancies between 
analyses of the same organism by different persons. These re- 
sults are of doubtful value, probably because of the variety of 
conditions maintained during growth, and because the technique 
allows errors of considerable magnitude where such small 
amounts of material were to be used. It was decided to apply 
the Folin method (3) to our problem and after certain adaptations. 
we arrived at the following method for determining the nitrogen. 
content of bacteria. 
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Nitrogen. 


Kind of organism. 
Nicolle and 


Alilaire. Whee 

per cent per cent 
B.. proteus OUlgari s+ Pe ee oe ee 10.73 6.791 
Dy pinoy. Cees, vs 0 Slo Pe ae oe 8.28 11.55 
A TGH TS ey Pia sete y Sick: s te aan Oe eee eee 9.22 10.28 
COLON ko ari oe i ae ee 10.32 10.655 
BSPyOCUaNeUs dean cleo oe cee ae Pee eee 9.79 10.843 
METSUDITITS Sec. eG RE toe ei ee — 5.964 
SV EDLOLGBEUS cars <3 Reese See ee eee — 11.765 
< tuberculosis. Sir-Grien- aera ee, ne) AER — 9.27 
Chiorella vulgaris site te ae ee ee 3.96 —— 
Braysenterie liqueyacienss. 01 - e ee 8.89 = 
Le DNOCUIMONLO © 2c eae See At ek oe, Re ae ee ae 8.33 oe 
FEA DSILLOCOSLS: cssie hc, at Res eee Cn ee ae 9.55 
Ciainders: sis, S57) besa tan nt 3 eee eee 10.47 a 
SQPCINA GUEANRUGCA, Ae) eee a ee — 11.46 


Method. 


A battery of ten hard glass test-tubes was set up together 
with a sand bath and Bunsen burners to furnish the required tem- 
perature. Inverted funnels with bent stems connected with 
rubber tubes to a suction bottle were placed over the tubes to 
remove the fumes and exclude the dust. 

The bacteria used in the experiment were cultures of Bacillus 
diphtherie which had been isolated from the throats of persons 
suffering from the disease. These bacteria were grown on Loef- 
fler’s blood serum medium slants for 72 hours. It usually re- 
quired eight of these tubes to furnish enough material for one 
determination. The growth of organisms was removed without 
disturbing the solid medium, by a glass spade with rounded edges, 
made by flattening a small glass rod. The material was spread 
on a tared cover-slip and dried in a calcium chloride desiccator 
at 37°C. for 72 hours. 

On account of the small amount of the material obtainable 
frorh a reasonable number of tubes, the weighing was done on 
an assay balance which was sensitive to 0.000005 gm. The 
weighing glasses were the thin, 15 mm. square cover-slips used 
in bacteriological work. They were cleaned in concentrated 
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nitric acid, washed in distilled water several times, and then 
finally in alcohol, out of which they were wiped dry when used. 
Into each of the ten tubes was placed the following charge: 


PP Orpesitiy SPate (oy. Fido). Ak ae ie ee ee Pou. 2.0 
MG rare ter UTE Mins coat ees a ge « 5. Soa eek ES ee rays She oiats 3 0,92 
mbes cr. CONCEDLTATCT fic...g. hc ee tee eas ect 5.0 


Weighed cover-slip and nraterial. 


The digestion was continued for 15 minutes after the liquid 
had become colorless. In practically all the material digested, 
there was noticed a small quantity of material which digested 
with difficulty. After the digest had cooled somewhat it was 
diluted with water, made alkaline with sodium hydroxide, and 


TABLE I. 
DLA ahi en dry Dry bacteria. Nees of Nitrogen. 
gm. gm. gm. per tome 
0.080280 0.004655 0.000370 7.9 
0.081060 0.004670 0.000390 8.3 
0.076380 0.005730 0.000485 8.5 
0.076925 0.007095 0.000575 8.1 
0.085820 0.003360 0.000290 8.6 
0.070600 0.005420 0.000440 es 
0.085050 0.007300 0.000581 8.0 
0.058450 0.004040 0.000357 8.8 
0.056470 0.002880 0.000245 8.9 
0.079020 0.004810 0.000413 8.7 
0.073330 0.001485 0.000120 8.4 
0.080460 0.002575 0.000250 OF 7E7 
0.097390 0.003390 0.000291 8.6 
0.089075 0.001350 0.000154 iV4* 
0.065480 0.006170 0.000470 7.6 
0.068180 0.004625 0.000490 10257 


* On account of the great variance from the average it seems Boe 
sible to omit these results from the average. 
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aspirated with ammonia-free air into 0.1. N sulfuric acid. The 
acid solution containing the ammonium sulfate was Nesslerized 
and compared with a standard solution of ammonium sulfate 
similarly Nesslerized, by means of the Duboscq colorimeter. A 
convenient strength of standard to use, if the quantity digested 
is about 5 mg., contains an ammonia equivalent of 0.0000025 gm. 
of nitrogen per cc. With every set of determinations two blanks. 
were run and the average of these was subtracted from the nitrogen 
found. 

The results of sixteen separate determinations are given in 
Table I. 

A nitrogen determination was-made on the Hoffmann ba- 
cillus, a diphtheroid organism, by this method with the results 
as recorded in Table II. 


TABLE II. 
Nitrogen Content of Bacillus hoffmannt. 


Cover-glass and dry Net weight of 


WeEtera Dry bacteria. niteogen: Nitrogen. 
gm. gm. a gm. per cent 
0.074110 0.002900 0.000277 9.6 
0.075590 0.003730 0.000356 9.5 
0.100210 0.006235 0.000600 9.6 
0.071810 0.009890 0.001020 10.3 


In order to determine the accuracy of the method, a macro- 
Kjeldahl determination was made on a larger quantity of the 
dried diphtheria bacteria with the following results: 


NO. Pin cent Vb eee ee Eien ee ee ene eee 7.9 per cent nitrogen. 
ete Ea hee re Ghee tern oes Sly ea as 


SUMMARY. 


In summing up the results of these determinations the following 
points seem important: 
1. The nitrogen content of Bacillus diphtherie is 


per cent 
Regular’ Kjeldahlmethod 128.2% Sacre. ce ee cee eee 8.0 
Micro-Kjeldahl method). (222e2e5. oe eee 8.35 
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The nitrogen content of Bacillus hoffmanni is found to be 9.75 
per cent by this method. Under like cultural conditions then, 
these two organisms show marked differences in this particular. 

2. The sources of error met when an analysis is made are 
overcome as follows: (a) The possibility of contamination of the 
material with small pieces of medium is eliminated by the use of a 
molded glass spade which rubs off the growth without scratching 
the medium. (b) The presence of moisture in the organism 
when weighed. The organisms were dried under like conditions 
which were purely arbitrary but which were found to be adequate 
for reducing the film to constant weight. The analytical results 
themselves are sufficiently alike to show that the moisture con- 
tent must have been uniform for each type. (c) The error in 
weighing. That this error is only apparent is seen by comparing 
the accuracy of the scale used with the amount weighed. (d) 
The error in ammonia obtained from reagents. This was entirely 
accounted for by running measured blanks with every determi- 
nation. (e) Loss of ammonia by aspiration. In the first few 
practice runs there was experienced a noticeable error at this 
point; however, the rate of aspiration at the start was reduced 
and the total length of time prolonged which overcame this 
source of error. 

CONCLUSIONS. 


It is possible to determine the nitrogen content of any bac- 
terium which will grow on a solid medium without liquefaction 
of that medium, by this method, provided as much material as 5 
mg. can be obtained. 

It is our intention to study further the nitrogen differences in 
bacteria of different groups and of different members of the same 
group. ' 
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IONIZATION OF PROTEINS AND ANTAGONISTIC 
SALT ACTION. 


By JACQUES LOEB. 
(From the Laboratories of The Rockefeller Institute for Medical Research.) 


(Received for publication, January 30, 1918.) 


ie 


In 1899 Wolfgang Pauli! and the writer? independently reached 
the conclusion that electrolytes when acting on proteins formed 
ion-protein compounds. The writer anticipated that these ion- 
proteins would explain the mystery of many life phenomena. He 
was especially interested in one of the most universal physiologi- 
eal actions of salts; namely, the antagonistic salt action, for which 
the annihilation of the effects of a high concentration of a salt 
with univalent cation, e.g. NaCl, by a low concentration of a 
salt with bivalent cation, e.g. CaCle, is perhaps the best known 
example. Although he and many others tried to demonstrate 
- this type of antagonism in proteins they never succeeded. It 
was a further disappointing fact that Hardy® found that globulins 
apparently form electrically neutral compounds with neutral 
salts and this seemed to harmonize with the older observations 
of Liebermann and Bugarszky. Paulit had expressed the idea 
that a low concentration of salts ionizes globulins and thereby 
causes their solution, but even he assumed not a real chemical 
combination but adsorption between the globulin and the salt. 

Meanwhile, many workers, and especially Pauli and his pupils, 
had developed a number of methods for discriminating between 
the chemical behavior of ionized and non-ionized proteins, but 


1 Pauli, W., Arch. ges. Physiol., 1899, xxviii, 314. 

2 Loeb, J., Arch. ges. Physiol., 1899, Ixxv, 303; Am. J. Physiol., 1900, 
lil, 327. 

3 Hardy, W. B., J. Physiol., 1905-06, xxxiii, 251. 

4 Pauli, Fortschr. naturwiss. Forschung, 1912, iv, 223. 


bs 531 


Dae Proteins 


the surest method of producing ionized proteins was to treat 
proteins with either acid or base. It was generally found that 
when a protein with little tendency to electrolytic dissociation is 
treated with acid of the right concentration a protein salt is 
formed which undergoes a strong electrolytic dissociation, while 
the addition of a neutral salt diminishes this degree of dissociation, 
as was to be expected. Loeb and Wasteneys,’ and later the writer 
alone,’ were able to show that the toxic effect of acid can be di- 
minished or suppressed by the addition of neutral salts. This 
was the first direct support of the idea that antagonistic salt ac- 
tion was due to a transformation of lonized protein into electrically 
neutral protein. 

The second case where it seemed possible to attribute antago- 
nistic salt action to a transformation of ionized into non-ionized 
protein consisted in the observation that the diffusion of a low 
concentration of KCl into the egg of Fundulus is impossible or 
extremely slow when this salt is alone in solution, but is rendered 
possible through the addition of a small amount of a second salt, 
e.g. NaCl (‘‘salt effect’), and that the diffusion of KCl is ren- 
dered impossible again when more of the second salt is added. 
The analogy with the solubility of globulin suggested that the 
addition of a small quantity of the second salt caused an ioniza- 
tion of some protein in the membrane of the egg which was sup- 
pressed again by the addition of more salt; and the writer ex- 
pressed this idea in a preliminary notice.’ But this suggestion 
faces the uncomfortable fact already referred to that according © 
to Hardy globulins form non-ionized molecules with neutral 
salts.? 

The writer, however, has found a method which suggests 
strongly that the antagonism between NaCl and CaCl, is due— 
at least in the case to be discussed—to the fact that an ioniza- 
tion of protein is caused by NaCl and that this ionization or its 
effect upon the swelling is suppressed by a comparatively small 
quantity of CaCl. 


5 Loeb, J., and Wasteneys, H., Biochem. Z., 1911, xxxili, 489; 1912, xxxix, 

167. ; 
6 Loeb, J. Biol. Chem., 1915, xxiii, 189; 1917, xxxii, 147. 
7 Loeb, Proc. Nat. Acad. Sc., 1916, ii, 511. 


Jacques Loeb 533 


Some of the experiments have already been published.® Into 
a cylindrical funnel 2 gm. of finely powdered non-bleached? Cooper’s 
gelatin are put; the powder is held in the cylinder by a circular 
piece of filter paper. Three such funnels each with 2 gm. of 
gelatin are prepared. The one (I) is perfused six times in suc- 
cession with 25 cc. of distilled water; the second (II) is perfused 
twice with 25 ec. M/8 NaCl and then four times with 25 cc. of 
distilled water; the third (III) is perfused six times with 25 ce. 
M/8 NaCl. In I and III a moderate swelling occurs, which soon 
reaches its maximum. The gelatin in II, first treated with NaCl 
and subsequently with distilled water, swells several hundred 
per cent more than either the gelatin treated only with distilled 
water (I) or the gelatin (III) treated only with NaCl. 

The explanation of this experiment is as follows. Gelatin II 
forms under the influence of a comparatively high concentration 
of NaCl (4/8 or mM/4) a compound with NaCl which is capable 
of ionization. This ionization is lowered through the presence of 
the highly concentrated NaCl solution. When, however, this 
latter solution is washed away by successive perfusions of the 
gelatin with distilled water the gelatin-NaCl compound can dis- 
sociate into gelatin and an inorganic ion, the nature of which we 
shall discuss later. It has been shown by Pauli and by Procter! 
- that the swelling of protein under the influence of acid or base is 
due to the ionization of protein by the acid and the writer as- 
sumes that the increase in the amount in swelling of the mass of 
gelatin first treated with NaCl and then washed with distilled 
water is due to the fact that part of the gelatin is transformed into 
protein ions by the salt, and that this ionization and the swelling 
can only appear when the NaCl solution held in the capillary 
spaces of the powder is washed away. This statement is sup- 
ported by the following facts. 

1. A large number of funnels are prepared, each with 2 gm. 
of powdered gelatin and each is perfused twice with 25 cc. M/8 
NaCl. Subsequently each funnel is perfused three times with 


8 Loeb, J. Biol. Chem., 1917, xxxi, 343. 
® Bleached gelatin as well as bleached pig’s bladder does not give the 
same results, probably on account of an alteration in the constitution of 


the protein. 
10 Procter, H. R,, and Wilson, J. A., J. Chem. Soc., 1916, cix, 307. 
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25 cc. of a definite NaCl solution lower than M/8 NaCl; namely, 
M/16, M/32, m/64, M/128, etc., down to m/2048 or lower. It is 
found that after three perfusions the additional swelling of the 
gelatin becomes noticeable in the funnel which has been washed 
with M/64 or less concentrated NaCl solution and that the ad- 
ditional swelling increases rapidly with the diminution of the 
concentration of the NaCl solution. The explanation is that 
concentrations of NaCl above m/64 suppress the electrolytic dis- 
sociation of the gelatin-NaCl compound to such an extent that the 
swelling will not exceed that caused when the gelatin is perfused 
permanently with m/8 NaCl. Concentrations of m/64 and be- 
low no longer suppress the ionization of the gelatin salt com- 
pletely and the suppression is the smaller the greater the dilution 
of the NaCl used for perfusion. Hence the swelling of the gelatin 
increases rapidly with the dilution of the NaCl solution below 
mM/64 and reaches a maximum when distilled water is used for the 
perfusion. Table II gives adequate examples. This fact had 
already been published.® 

2. The second proof consists of the fact that when the gelatin 
powder is first perfused with mM/8 NaCl and then with a solution 
of a non-electrolyte, the increasing dilution of the non-electrolyte 
is without effect. Table I illustrates this statement. The table 
gives the result of four sets of experiments. In each set about 
fourteen cylindrical funnels contained 2 gm. of powdered gelatin 
and each funnel was perfused twice with 25 cc. M/8 NaCl. After 
this the various funnels of one series were perfused with solutions 
of either NaCl or glycerol or cane sugar or ethyl, alcohol of in- 
creasing dilutions. The swelling was measured after three per- 
fusions. In order to allow all the liquid not held by the gelatin 
(or by adhesion) to filter out the final measurement was taken - 
after 24 hours. Precautions were taken to avoid error by evap- 
oration. Since the cross-section of all the cylindrical funnels 
was the same the increase in the height of the cylindrical mass of 
gelatin above the height of the mass reached by the perfusion 
with mu/8 NaCl may serve as a measure of the additional swelling. 

The difference between the influence of the electrolyte and the 
non-electrolyte is very striking. Gelatin treated with m/8 NaCl 
does not show any further swelling when treated with m/8 or 
M/16 NaCl; from m/64 on the swelling begins, gradually increas- 
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ing and reaching its maximum at M/1024. Gelatin treated with 
M/8 NaCl and then treated with solutions of non-electrolytes 
from 2 m down swells to the same extent as if it were treated 
with distilled water. This harmonizes with the assumption that 
the swelling is determined by the degree of electrolytic dissocia- 
tion of the gelatin. 

3. It has been shown by Pauli and his fellow workers that 
ionized protein can no longer be precipitated by alcohol.* If the 
additional swelling of gelatin in distilled water caused by the 
previous treatment with m/8 NaCl was due to an increase in ioni- 
zation such gelatin should resist precipitation by alcohol. This is 
most strikingly the case. When we dissolve the three kinds of 


TABLE I. 


Increase in swelling of powdered gelatin (which had first been perfused 
with 50 ec. m/8 NaCl) after three perfusions with 25 ce. of 


=H 
ate etrow eS Weals obeelterielic 
es falas |e fe |e al | ele 

Nao lect 4 0 0 2.51 6 |15)21 |33.5/42 
Glycerol....... 34 (1387 |40/40 |40 |43 |42 |42 |40 |41/41 [41 [43/42 
Cane sugar..... 35 141/49 |49 {51 {51 {50 {50 [51/51 [51 48 


Ethyl alcohol. .|42 5/48. 5/54/48 .5|48 .5|48 5/49 .5/49 .5)49.5)47/47.5|47 50.5 


powdered gelatin, I treated with water alone, II treated first 
with M/8 NaCl and then with water, and III treated with salt 
(m/8 NaCl) alone, and measure the quantity of alcohol needed 
to precipitate 5 cc. of a 3 per cent gelatin solution of each of the 
three samples, we shall find that it requires about 5 cc. of 95 
per cent alcohol to cause a heavy precipitate in I, and about 7 
ec. to cause the same precipitate in III; while in II no precipitate 
is formed even by the addition of 20 cc. or more of alcohol; the 
solution assumes only a bluish tint upon the addition of about 
20 ec. of alcohol. | 

4. It was shown in the previous paper that any neutral salt 
with univalent cation acts like NaCl upon powdered gelatin, 
inasmuch as a perfusion of gelatin with a neutral salt of Li, K, 
or NHy, when followed by a perfusion with distilled water, 
causes an additional excessive swelling; while the perfusion of the 
powdered gelatin with neutral salts of the bivalent cations, Mg, 
Ca, Sr, and Ba, d6es not cause any additional swelling when the 
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gelatin is afterward perfused several times with distilled water. 
It would, therefore, follow that gelatin treated by neutral salts 
with bivalent cations increases its mass of gelatin ions either not 
at all or only to a negligible extent. This is apparently the case. 
When 2 gm. of powdered gelatin are first perfused twice with m/8 
CaCl, and are then perfused three times with 25 cc. of distilled 
water, and if then a 3 per cent gelatin solution is prepared, 5 cc. of 
such a solution are precipitated by slightly less than 5 ce. of alco- 
hol (at room temperature), which is approximately the same figure 
as that for gelatin not treated with salt. The gelatin is, therefore, 
apparently not ionized by Ca. 

5. This difference in the action of neutral salts with bivalent 
and univalent cations, namely, that the latter ionize the gelatin 
while the bivalent cations will apparently not form ionizable com- 
pounds, is the basis of the antagonistic action between the two types 
of salt. When we treat powdered gelatin with a mixture of NaCl 
and CaCl, the addition of a comparatively small amount of CaCl, 
to M/8 NaCl will inhibit the swelling which would follow if the 
gelatin were perfused first by the NaCl alone and then by dis- 
tilled water. It can be shown that when we perfuse 2 gm. of 
powdered gelatin twice with 25 cc. of 50 cc. M/8 NaCl + 4 ee. 
M/8 CaCle, and then three times with distilled water, the gelatin 
is precipitable by alcohol; while if we use the pure M/8 NaCl or 
50 cc. M/8 NaCl.+ 1 or 2 ce. of m/8 CaCl, the 3 per cent gelatin 
solution freed from the salt is not precipitable by alcohol. We, 
therefore, come to the conclusion that the phenomenon of swell- 
ing of gelatin under the influence of neutral salts with univalent 
cation and the inhibition of this swelling by neutral salts with 
bivalent cation (alkaline earths) are due to the fact that the former 
salts cause the formation of ionizable gelatin salts, while the 
latter apparently cause the formation of non-ionizable gelatin salts. 


Tl: 


We may raise the question: Which of the possible cases of 
ionization actually occurs when gelatin is treated with neutral 
salts with univalent cation, like NaCl? If we assume that the 
gelatin molecule combines with both anion and cation the neutral 


Na 
complex golating can give rise to three types of protein ions: 
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(1) Gelatin-Cl + Nat 
oh 
(2) Gelatin-Na + Cl- 
+ = 
(3) Gelatin + Nat + Cl- 


_ + 

In (1) gelatin ion would be negative, in (2) gelatin ion would 
be positive, and in (3) the gelatin ion would have both a nega- 
tive and a positive charge in different parts of the molecule. 
We shall see that the facts speak in favor of (1); namely, an ex- 
clusive or a prevailing formation of negative gelatin ions. Ac- 
cording to our assumption the additional swelling of gelatin due 
to ionization should begin when the salt solution used for per- 
fusion to wash out the m/8 NaCl is so dilute as not to suppress 
the electrolytic dissociation of the gelatin-salt compound com- 
pletely. Since this suppression depends upon the common ion of 
the gelatin-salt compound and the salt, it should be possible to 
ascertain which this common ion is, the anion or the cation of 
the salt. If, for instance, the dissociation of the gelatin salt 


occurs according to (1) into gelatin + Nat, the lowest concen- 
tration of NaeSO, which just allows the additional swelling of 
a gelatin previously treated with m/8 NaCl should be about 
one-half of that in which the swelling begins when lower con- 
centrations of NaCl are used; since, e.g., a M/256 NasSO, solution 
sends about twice as many Na ions into solution as does a M/256 
NaCl solution. In other words, that concentration of a salt 
which is just able to inhibit completely the subsequent swelling 
of gelatin previously treated with m/8 NaCl should depend 
only upon the concentration of the cation of this salt, if the type 
(1) of the dissociation of the gelatin salt exists; namely, 


> + 
(1) Na-gelatin — gelatin + Na 


This is the case. We know from Table I that the inhibiting 
concentration of NaCl for the additional swelling" of gelatin pre- 
viously treated with m/8 NaCl is m/64 NaCl. In this concen- 


11 By additional swelling we mean the swelling which takes place as a 
consequence of the previous. treatment with M/8 NaCl, when the excess 
of the salt is removed and the ionization of the gelatin salt no longer 
too much depressed. 
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tration an increase of 5 mm. in the height of the cylindrical mass 
of gelatin will show itself. With a further dilution of NaCl the 
swelling of the gelatin increases very rapidly. 

We now undertook the following series of experiments. We 
perfused 2 gm. of powdered non-bleached gelatin, as in the pre- 
vious experiments, first with 50 cc. M/8 NaCl, and followed this 
with a perfusion with solutions of different neutral salts of in- 
creasing dilution. Table IT gives the results of such a series of 
experiments. 


TABLE II. 


Additional swelling of 2 gm. powdered gelatin previously perfused 
twice with 25 cc. M/8 NaCl and three times with 25 ce. of 
the following solutions. 


wo. | wo) el ots | Saees 

« |= |e bp |S 8s (See 

so} 2 |e (3°) Seal Sa See ee 
1 We ied bo Sie O° 0 225 6. 15 2) 887042 was 54 
INS Brie eee ee O | 2.0) 2:0| 6 112.5/17:5|27 (43° 142 46a earns 
NaNO. 1 ? | 4 | 7 112.5)19.5/29.5/389 148.551 |49 (64 
Na acetate..... 1.5} 1.5) 3 | 6.515 |22 131 (88 |45.d5\440)485%op 
NaGNsee to 3.5)-4. 1°7 112° (21 131° 140° 46" SS ene 
IN agsls) 5 et paee 1 1.5) 2.5} 3.5) 8 -|14 |22.5/80 (39. |47 |55 54 
Nag Oxalate....-:.. 2 |2 | 2 | 3.5) 6.6)14.5\24 |29 |350\s6 Geos 
Naz tartrates... . 2 |2.,2 | 3° 1 6.5)18.5123 132.543 (a6 gen ore 
Naz malate Arata O78 al 1 | 2:5] & 113° 420. 131 - 135° aOee aera 


While the sodium salts with monovalent anion all show the be- 
ginning of additional swelling (¢.e. swelling amounting at least to 
5 mm. increase in height of column) in a dilution of m/64 the 
sodium salts with bivalent anion show this increase in twice this 
dilution; namely, M/128. This would indicate that the metal 
ion alone or prevailingly determines the degree of electrolytic 
dissociation of the gelatin sodium. salt. In other words, the 
gelatin salt formed, when gelatin is treated with NaCl, dissociates 


exclusively or prevailingly in the form gelatin + Na.t The 
anion plays obviously a minor if not a negligible part. 

When we test 3 per cent solutions of such gelatin with alcohol 
we find that. the solution always becomes non-precipitable as 
soon as the swelling becomes marked. 
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When we treat gelatin first with m/8 NaCl and then with dilute 
solutions. of salts of other monovalent cations the results should 
be essentially the same as if we treated the gelatin with solutions 
of NaCl, since a compound gelatin-Na should exchange its metal 
with Li or K or NH, without essential molecular alteration. 
Hence the results should remain practically the same if a treat- 
ment with mM/8 NaCl is followed by solutions of NaCl or of LiCl 
or KCl. This is true, as Table III shows. 


TABLE III. 


Additional swelling of powdered gelatin perfused twice with 25 cc. 
M/8 NaCl and three times with 25 cc. of the fo!lowing solutions. 


elel/ala/8/8/s/8]e/e]8]e 

is eee sale ee) tia ee | 
fi A ee l 1.5) 3.5) 6 {10.5)15 |24.5/84.5/44.5/52 |53.5/57.5 
ie) rae ia 1 Ds 2.5} 6.65/11.5/16 |24 {33 138.5144 |46.5/53.5 
Pd P Ol it Ae ae 2 2 2 5 1138 |23 _|22.5/39.5/48 147 56 
tO G ae ee ee 3 0 2 2.5) 3.0110 |19.5/30.5/45.5/51 [51 |60 
eh tO he ] 15-075173701 6-511 120-129. 140.5142 915075154.5 
CNEL iso @ its, 4: Pes i. 2 3 67112. 418: 126) 1420 50. (458 1538 
AC AONALS LON) 4 fants 1 i) 1.5) 3.5) 7.5/17 122.5125 {33.5148 (46.5155 
(NH,4)2 oxalate....| 0 1 1 2.5) 5 |11.5)22.5127 |36.5)48.5/49 [54 
Koitartrates. so... 0 0 Poominoiet) 113.7119) YQ8: 137 142°" 146.2153 
(NH,)2 tartrate...| 2 Hage Hottie’ “1625122 2135. 5143, 5149-5152 155 


| 


For the chlorides the swelling becomes noticeable at a dilution 
of m/64, for the sulfates, oxalates, and tartrates at nearly twice 
the dilution; namely, about M/128. Only Li,SO, is an apparent 
exception for reasons still to be investigated. 

It was shown by special controls that if we first treat powdered 
gelatin with m/8 NaeSO, and follow this by weaker concentra- 
tions of NazSO, we get the same critical value for the com- 
mencement of swelling as when we first treat the gelatin with 
m/8 NaCl and follow this with weaker concentrations of Na2SOu,; 
namely, M/128. m/8 LiCl followed by different concentrations 
of LiCl gives the same critical value for the commencement of 
swelling as M/8 NaCl followed by different concentrations of 


Dig 
If the anion has a distinct effect it must show itself in com- 
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paring the effects of washing with MgCl. and MgSO, and of CaCl, 
and CaSO,. When we perfuse powdered gelatin first with m/8 
NaCl and then with CaCl, solutions of a higher degree of dilu- 
tion we must expect a lower limit of concentration where the 
swelling begins, since CaCly by replacing the NaCl in combina- 
tion with gelatin transforms the ionizable gelatin into a less ion- 
izable or otherwise modified complex. The concentration of 
CaCl, must therefore become comparatively low before swelling 
becomes possible. If the additional swelling, 7.e. the ionization 
of the gelatin, depends on the cation alone or predominantly, 
CaSO, and MgSO, should have the same critical concentration for 
the commencement of the swelling, which is the case, as Table 
IV shows. The critical concentration for all the salts is M/512. 


TABLE IV. 


Additional swelling of powdered gelatin perfused twice with 25 ec. m/8 


NaCl and then three times with 25 cc. of the following solutions. 
e/2/8)/e]/2]8& | s)/2/8)8 |e] 9 
3 an ae 2 3 sf s >|. epee Pe | 
MgCl ie... Oe - 0 0 0 020 4 13. (26). 142 49 | 53 | 52 
MgoO ay. ee letayre (8) —l; 0 1 5/22 5138 48 | 55 | 638 
CaCls: aii: ares 0 0 0 0 1L.5i 8) 1245, 139 48 | 51 | 47 
CasO7 ek tee —3.5|—2.5|+8.5)18.51387.5| 48 | 47 | 55 
SrGle sce ee 0 0 0 0} O 1 8 |18 |36 AS) Dj 2abos 
Bah yerehee | 0 0 0 0} O 1 10 {21 /40 45 | 51 | 50 


All these facts support the idea that neutral salts form com- 
pounds with gelatin which dissociate into a positive metal ion 
(that of the salt used) and into a negatively charged protein ion 
which may or may not contain the anion of the salt. This idea 
was tested by experiments on the migration, in an electric field, 
of gelatin treated with m/8 NaCl and then freed from the salt 
by washing. Such gelatin migrates to the anode as our theory 
demands. ti 


ITI. 
The idea that only the cation enters into the ionization of 


gelatin might be interpreted to mean that a reaction of the fol- 
lowing kind occurs between gelatin and NaCl: 
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RCOOH + NaCl —- RCOO-Na + HCI. 


In this case the supernatant solution should have an acid reac- 
tion. This was not the case. 

Pauli makes another suggestion based on the fact that proteins 
in general are stronger acids than bases, and that hence they must 
undergo a stronger hydrolytic dissociation where they act as 
base than where they act as acid. If such a protein combines 
with NaCl the Cl would undergo hydrolytic dissociation and be 
washed away as free HCl. But if this were the case, the water 
with which NaCl-gelatin is washed should have an acid reac- 
tion. Although we were not able to demonstrate,such an acid 
formation, we should remember that little acid was formed at 
the utmost and that some of it may have been bound again by 
gelatin molecules. The important fact is that under the influ- 
ence of a neutral salt, of the type NaCl, the gelatin forms a sodium 
gelatinate, which dissociates electrolytically into a negatively 
charged gelatin ion and a positively charged metal ion—that of 
the salt used. ) 

This assumption is further supported by hydrogen ion deter- 
minations which Dr. Dernby has made in my laboratory and 
which I incorporate here with his permission. The writer had 
shown in a previous paper that pig’s bladder behaves like pow- 
dered gelatin inasmuch as it shows a considerable additional 
swelling in H,O when previously treated with NaCl or any neu- 
tral salt with univalent cation; while no such additional swelling 
in H-.O occurs after previous treatment with neutral salts with 
bivalent cation. Dr. Dernby found that when the membranes 
treated with m/8 NaCl (or KCl, ete.) were afterward put into 
distilled water the latter became slightly alkaline; but that this 
was not the case when the pig’s bladder was previously treated 
with CaCle. 

Dr. Dernby determined the hydrogen ion concentration by 
Sérensen’s colorimetric method, using his standard phosphate 
solutions and neutral red as indicators. In all these experiments 
the hydrogen ion concentration changes in the same way as the 
swelling. Where a strong additional swelling occurs, as in H,O 
after a previous treatment in NaCl, the hydrogen ion concen- 
tration diminishes; where no additional swelling occurs no change 
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in the hydrogen ion concentration is observed. In the M/8 NaCl 
solution where the membrane does not swell no change in the 
hydrogen ion concentration occurs. 

Dr. Dernby’s method was as follows. Pieces of pig’s bladder 
of equal weight (about 0.75 gm.) were put into 50 cc. of a salt 
solution for 1 hour, then washed repeatedly, and transferred into 
50 ce. of distilled water (except in the controls, where the bladder 
remained permanently in distilled water or in the salt solution). 

Table V gives his results. | 

TABLE V. 


Hydrogen ion concentration of a solution containing pig’s bladder treated 
as stated (expressed with Sérensen’s symbo! p 


After ete 
aisGliod-water.| "washed | Washedin | KCl | NEI | Na:SO. 
2 D & 
r. 
hrs. SS oe? 
0 About 6.4] 6.4 64 6.2 to 6.4 
4 ee Ade! 6.4 
1 6.4] 6.4 6.4 
Washed. 
2 yO. 64 724 6.8 6.8 6.9 
3 rea ven iels 7.2 710 7.0 7:0 
5 71 4-56.6 713 738 72 ee 
24 "ee. Go 7.4 3 7.3 7 


In these experiments the distilled water and salt solutions con- 
tained COz and this is the reason why at the first reading the H 
ion concentration is so high (6.2 to 6.4 instead of 7). The deter- 
minations prove that the solutions become more alkaline when 
the pig’s bladder was first treated with a neutral salt with mono- — 
valent cation. This agrees with our assumption of an elec- 


trolytic dissociation into a negative gelatin ion and a positive 
Nat ion, since slight hydrolytic dissociation would lead to the 
formation of a stronger base (NaOH) and a weaker acid, gela- 
tin-COOH. 3 | 
We had shown that the bivalent metals, Mg, Ca, Sr, and Ba, 
form in all probability less ionizable compounds with gelatin. — 
Hence we should expect that a previous treatment of pig’s blad- 
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der with Ca should not increase the alkalinity of the distilled 
water. This is actually found to be the case by Dr. Dernby 
(Table VI). 


TABLE VI. 


| Hydrogen ion concentration of a solution containing pig’s bladder treated as 
stated (expressed with Sérensen’s symbol pH). 


After 
‘ In M/8 CaCl 1 hr. 
Control zeta 
distilled water, | then in distilled m/8 MgClz m/8 SrCle 
tage IRR RSG eS Oo Sea Re a 
0 6.4 
3° 6.4 
1 About 6.5 6.4 
Then transferred into distilled water; imme- 
diately after transferring the H ion con- 
centration was in all cases the same pH =6.2 
to 6.4. 
3 6.7 6.4 6.5 6.5 
5 7.0 6.6 6.7 Gah 
24 eae 6.9 6.9 6.9 


It is obvious that pig’s bladder previously treated with solu- 
tions of MgCly, CaClz, and SrCl, does not cause a change of the 
same order in the reaction of the water as was found for bladder 
treated with NaCl and NH,Cl. This harmonizes with the as- 
sumption that the bivalent metals form non-dissociable or less 
dissociable gelatin salts. 


IV. 


In the previous note’ the writer has stated that the additional 
swelling caused by a treatment with NaCl was observed in pow- 
dered gelatin and in pig’s bladder, but not in solid blocks of | 
gelatin. It was found that the cause of this difference is the fact 
that it is easy to ionize large masses of powdered gelatin with a 
salt, and then wash the unnecessary salt solution away, while this 
is difficult if not impossible with solid blocks of gelatin. The 
salt solution apparently diffuses slowly in and out of the block. 
For this reason the following modification of the method was 
adopted. Powdered gelatin was treated with a m/8 NaCl solu- 
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tion in the usual way, and the salt solution was then removed 
by washing the powdered mass three or four times with distilled 
water. After all the water had run off the mass of gelatin 
was poured into a beaker and completely liquefied by heating for 
about 10 minutes in a water bath of about 40°. This homo- 
geneous liquid mass of gelatin was then put into a bag of collo- 
dion and exposed to the draft of an electric fan for about 24 
hours, when it had lost most of the water. When such blocks 
of gelatin, previously treated with m/8 NaCl and freed from the 
NaCl solution by repeated washings with H.O, were put into 
H.O they showed the same excessive swelling as had been observed 
in the case of the powdered gelatin; while this excessive swelling 
was prevented when the block of gelatin previo treated with 
m/8 NaCl was put back into m/8 NaCl. 

The following is an example. Into each of three cylindrical 
funnels were put 2 gm. of finely powdered Cooper’s unbleached 
gelatin. The gelatin in one funnel (I) was perfused six times in 
succession with distilled water. The second (II) was perfused 
twice with 25 ce. M/8 NaCl, then four times with 25 ce. of dis- 
tilled water; the third (III) was perfused six times with 25 cc. 
M/8 NaCl. After all the water had run out, the weight of the 
first mass of gelatin was 34 gm., that of the second, 59.15 gm., 
and of the third 24.4 gm. The previous treatment with salt in- 
creased the swelling from 32 to 57 gm. Incidentally the reader 
will see that contrary to Hofmeister’s statement the gelatin did not 
swell more when permanently treated with m/8 NaCl than it did 
when permanently treated with H.O, since in the latter case it 
absorbed 32, in the former only 22 gm.—of which part was NaCl.” 
These three lots of gelatin were then put into collodion bags and 
exposed to the fan until their respective masses were 8.4 (1), 7.4 
(II), and 6.05 (III) gm. The three masses of gelatin were then 
liquefied by heating to about 40°C., poured into a flat Petri dish, 
allowed to gelatinize, and then blocks of equal size were stamped 
out of each; the respective weights of the three blocks were 7.6 
(I), 6.04 (II), and 4.19 (III) gm. I and II were put into distilled 
water, III was put into M/8 NaCl. After 24 hours the weighing 
gave the following result: 


12 Ash determination showed that the gelatin contained in this case the 
same proportion of NaCl and water as did the M/8 NaCl solution. 
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o 
I II Il 
22.02 em. 52.8 em. 12.9 om. 


The gelatin treated first with m/8 NaCl swelled after removal 
of the salt two and one-half times as much in distilled water as 
did the gelatin not treated previously with NaCl. We are, 
therefore, justified in saying that blocks of gelatin behave in the 
same way as does powdered gelatin if only care is taken that the 
excess of salt is removed from the block before it is exposed to 
the distilled water. If a block of gelatin is first put into M/8 
NaCl and then into distilled water, we get different results on 
account of the slowness of the diffusion of the salt into and out 
of the block. ; 

In experiments with powdered gelatin we had found that the 
valence of the cation was much more effective than the valence 
of the anion. A previous treatment of powdered gelatin with 
M/8 CaCl, (or MgCls or SrCle or BaCl,) did not cause the exces- 
sive swelling which was caused by m/8 NaCl, and it was found 
that the addition of a small amount of CaCl, to NaCl stopped 
the after-effect of NaCl upon the subsequent swelling of gelatin 
in H;O (antagonistic salt action). The same is true for blocks of 
gelatin as the following experiment shows. 

2 gm. of powdered gelatin were put into each of three cylin- 
drical funnels. Funnel I was perfused six times with 25 cc. H20; 
funnel II twice with 25 cc. M/8 CaCl, and then four times with 
25 cc. H:O; and funnel III six times with 25 cc. M/8 CaCle. The 
next day (after all the water had drained off) the weight of the 
gelatin liquefied by heating to about 40° was | 


if Ay III 
27.8 gm. 25.8 gm. 24.3 gm. 


The CaCl, treatment had, therefore, little effect upon the 
swelling of powdered gelatin. The mass of the three lots was 
then reduced by evaporating in a collodion sac to 7.6, 7.1, and 7.3 
gm. each and blocks of (I) 6.2, (II) 6.0, and (III) 4.7 gm. were 
cut out. Blocks I and II were put into distilled water, and 
block III into M/8 CaCl. After 41 hours the weight was as 
follows: 

iE 1 III 
25.4 gm. 24.1 gm. 17.3 gm. 
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Comparing I and II we notice that the previous treatment 
with CaCl, did not increase the swelling of the block of gelatin. 

In the same way all the experiments on antagonistic salt action 
described in the previous paper® could be repeated with solid 
blocks of gelatin. 

These and other experiments allow us to state that the influence 
of salts upon the swelling of powdered gelatin published in the 
previous paper holds for solid blocks of gelatin also if only care 
is taken to remove the excess of salt from the block. The results 
obtained on powdered. gelatin can, therefore, be utilized for the 
theory of swelling of gelatin in general. 


V. 


Our results contradict the conclusions which are drawn by 
many authors from the old experiments of Hofmeister!’ on the 
influence of neutral salts and sugar on the swelling of gelatin. 
Hofmeister stated that the salts, according to their effect upon 
the swelling of gelatin, may be divided into two groups. ‘The one 
group makes the gelatin swell more than distilled water, the other 
makes it swell less than distilled water. The former group in- 
cludes NaBr, NaNO3, NH.Cl, NaCl, KCl. The second group 
includes the acetates, citrates, tartrates, and sulfates; but also 
alcohol, grape sugar, and cane sugar. From these observations 
it has generally been concluded that the anion is the decisive 
factor for the swelling; and that Hofmeister’s results agree with 
the influence of salts on other qualities of proteins. Such a con- 
clusion overlooks Hofmeister’s distinct statement that alcohol 
and sugars act like acetates and tartrates. This fact is of im- 
portance since it confirmed Hofmeister in his idea that the attrac- 
tion of the salt for water was one of the factors by which salts and 
sugars influence the swelling of gelatin. Thus he states that the 
sulfates, tartrates, citrates, and acetates, attract water more 
powerfully than chlorides or bromides and hence prevent the 
gelatin from absorbing as much water as it does in pure water 
or in the presence of chlorides. 

Hofmeister’s method cannot give any clear idea concerning 
the influence of salts on the swelling of gelatin since this influence 
depends chiefly upon the ionization of the gelatin. Two proc- 


13 Hofmeister, F., Arch. exp. Path. u. Pharm., 1891, xxviii, 210. 
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esses are necessary to obtain the correct estimate of the effect of 
this ionization; first, treatment of the whole mass of gelatin with 
a sufficiently high concentration of the neutral salt (m/8 or M/4), 
and such a treatment can only be effective if the protein is in — 
finely divided condition; and second, removal of the excess of 
salt in order to permit the electrolytic dissociation of the protein. 
Neither condition is fulfilled in Hofmeister’s method. This also 
explains why he got similar results with sugar and alcohol as 
with sodium acetate and sodium sulfate. The differences Hof- 
meister observed in the action of different salts are comparatively 
slight and they cannot be used for a theory of the action of salts 
on swelling. 

Lenk" tried to demonstrate the ptseoniene action Peace 
NaCl and CaCl: on gelatin. He used Hofmeister’s method, try- 
ing to show that blocks of gelatin swell less in NaCl solution 
when CaCl, is added, but the effects observed are small and, 
as the writer believes, within the limits of error of such ex- 
periments. Fenn" tried to show that gelatin solutions require 
less alcohol for precipitation in the presence of NaCl when CaCl, 
is added. This is a much more promising method for the study of 
antagonistic salt action than the one used by Lenk, but the re- 
sults of Fenn published in his preliminary notices show that he 
also studied the effects of salts on protein without first removing 
the excess of salt so that he missed the ionization effect. 


Theoretical Remarks. 


The paper gives a new and convenient method for the investi- 
gation of the effects of electrolytes on the physical properties of 
proteins and other so called colloids. This method leads to en- 
tirely different results from those obtained by the old method of 
Hofmeister on the swelling of gelatin, and this difference is due to 
the fact that in Hofmeister’s method the effect of the salt on 
swelling is observed in the presence of an excess of salt, which, as 
our method shows, inhibits the additional swelling effect of the 
salt. This latter is the only characteristic effect of the salt on 
the swelling. Hence it is not possible to discover by Hofmeister’s — 

144 Tenk, E., Biochem. Z., 1916, Ixxiii, 15, 58. 

15 Fenn, W. O., Proc. Nat. Acad. Sc., 1916, ii, 534, 539. 
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method the true characters of the effect of neutral salts (or any true 
effect of salts) upon the swelling of gelatin. 

The most important result obtained with our method is the 
proof that the influence of salts upon the swelling of gelatin is of 
a stoichiometrical character; z.e., we can utilize the limiting con- 
centration of different neutral salts for the additional swelling of 
sodium gelatinate to ascertain the molecular concentration of the 
salt. Experiments on the action of salt upon gelatin treated previ- 
ously with acid or alkali harmonize with the results given in this 
paper. They will be discussed in a following paper. The fact 
that dried pig’s bladder behaves similarly to the powdered gelatin 
indicates the more general character of our results. 

In the explanation of these phenomena the writer has adopted 
the idea that it is the degree of ionization of gelatin salts (of the 
type sodium gelatinate) which determines the additional swelling 
observed when the gelatin is first treated with a high concentra- 
tion of an alkali metal salt (w/8 or m/4) and the salt has been 
washed away. The reasons for this assumption are given in the. 
paper and need not be repeated here; but we may add that the 
new method and the new stoichiometric facts do not depend upon 
this hypothesis. If we adopt the ionization hypothesis, which 
seems supported by the facts known at present and contradicted 
by none, it follows, from our observations that we have at present 
two cases in which antagonistic salt action is clearly due to the 
fact that one electrolyte, e.g. NaCl or acid, causes the formation | 
of ionized protein, while the other electrolyte, e.g. CaCl, or neu- 
tral salts in general, causes the transformation of ionized into non- 
ionized protein, or inhibits in some other way the swelling effect 
of ionization of the protein molecule. The observations on the 
influence of neutral salts on the diffusion of potassium salts into — 
the egg of Pundulus may form a third case. 


SUMMARY. 


1. A new method has been described which allows us to study 
the effect. of neutral salts on gelatin. The essential part of this 
method consists in using the protein in powdered form, applying 
the salt in not too low a concentration (m/8 or M/4), and then 
washing away the salt solution. 
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2. This nfethod has led to the result that the influence of neu- 
tral salts on the swelling of gelatin is of a stoichiometric order. 
Powdered gelatin, when perfused by m/8 or M/4 solution of NaCl, 
shows an additional swelling when afterward perfused by a 
weaker solution of a neutral salt with univalent metal. This 
additional swelling is only possible as long as the weaker solution 
remains below a certain concentration. A comparison of this 
critical concentration for neutral salts of univalent cations with 
univalent and with bivalent anions shows that the limiting molecu- 
lar concentration for the additional swelling is twice as great if 
the anion is univalent as when it is bivalent; regardless of the 
nature of the anion and cation. The facts can be best explained 
on the assumption that the inhibiting effect of the salt upon the 
additional swelling is due to the diminution of the degree of elec- 
trolytic dissociation of a metal-protein compound. If we make 
this assumption, which is supported by the facts known at pres- 
ent, our observations lead to the following conclusions. 

3. Neutral salts with a univalent cation (in concentrations of 
M/8 or M/4) form highly ionizable salts with gelatin. 

4. It seems that these gelatin salts ionize under formation of a 
positively charged metal ion (that of the salt used) and a nega- 
tive gelatin ion which may or may not contain the anion of the 
salt in non-dissociated bondage. 

5. The formation of these gelatin ions causes the considerable 
additional swelling when the gelatin is first treated with the salt 
and then, after the salt is washed away, is exposed to distilled 
water. 

6. The metals of the alkaline earth group form salts with pro- 
teins of the type calcium gelatinate, which are not capable of 
swelling and perhaps little or not at all of ionization. ‘The 
transformation of protein salts with univalent cation (type sodium 
gelatinate) capable of swelling into protein salts with bivalent 
cation (type calcium gelatinate) not capable of swelling ‘is the 
cause of the antagonistic action of the metals of the calcium group. 

7. These results contradict the conclusions drawn from Hof- 
meister’s experiments on the swelling of gelatin and it is pointed 
out that he was misled by a method not suited for the purpose. 
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A STUDY OF THE NON-PROTEIN NITROGEN OF 
WHEAT FLOUR.* 
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(From the Chemistry Department of the Montana Agricultural Experiment 
Station, Bozeman.) 


(Received for publication, December 26, 1917.) 


Preliminary to a projected investigation concerning the more 
important biochemical changes which occur when wheat is 
frosted, as well as the relation of these changes to bread-making 
value, and particularly in order to study the effect of premature 
freezing on the nitrogen compounds of the wheat kernel, it has 
been found desirable to develop a more satisfactory method for 
the separation of protein from non-protein nitrogen compounds 
in wheat flour than an examination of the literature has revealed. 
A number of methods have been developed for the separation of 
protein from non-protein nitrogen in almost all kinds of bio- 
logical products, and several of these appear to be satisfactory 
for their purposes. With cereals, however, none of these methods 
seems to answer the purpose since cereals contain alcohol-soluble 
proteins, which are not encountered in any other plant or animal 
tissues. 

Reagents ordinarily used for precipitating proteins, such as 
alcohol, acetic acid, trichloroacetic acid, salts of heavy metals, 
colloidal iron, aluminum hydroxide cream, phosphotungstic acid, 
and tannic acid, are for various reasons unsatisfactory for re- 
moving gliadin from water extracts of flour. 

Ritthausen,! 40 years ago, advocated the quantitative removal 
of the proteins from milk, by alternately adding to the protein in 
solution dilute copper sulfate and potassium hydroxide until the 
proportions were such that the copper precipitate would no longer 
redissolve. The insoluble copper-protein compounds were then 

* Published with the approval of the Director of the Montana Agri- 


cultural Experiment, Station. 
1 Ritthausen, H., J. prakt. Chem., 1872, v, 215. 
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removed by filtration. This principle in modified forms has 
. since been made use of by different investigators, although the 
accuracy of the separation of protein from non-protein nitrogen 
by this method has always been questioned. 

Osborne and Leavenworth? have recently reported a study of 
copper-protein compounds, using edestin and gliadin in their ex- 
periments, and have found that if the correct amount of copper 
sulfate is added to a solution of gliadin in dilute sodium hydroxide 
solution, the gliadin and copper are both ‘practically completely 
precipitated. As they state, however, there are several points 
to be definitely cleared up if this procedure is to be made a basis 
for the accurate separation of protein from non-protein nitrogen 
compounds in extracts from. biological material. 

When the principle of Osborne’s procedure was tried with flour 
extracts in this laboratory, it was found that more nitrogen was 
removed by this means than by the use of any other of the re- 
agents previously mentioned. Phosphotungstic acid removed 
nearly, but not quite, as much and tannic acid slightly less. More- 
over, the copper-protein precipitate filtered readily, giving a 
water-clear solution, which could easily be concentrated under 
reduced pressure to one-twentieth of its original volume. That 
there was probably no copper in the filtrate, other than that which 
was in combination with amino-acids and peptides, was indicated 
by the fact that no blue color was perceptible, nor were positive 
tests with potassium ferrocyanide obtained until after consider- 
able concentration. ‘The method seemed so simple of manipula- 
tion that it was decided to test the effectiveness of the separation 
by ascertaining whether or not all protein was removed, as well 
as to test the copper-protein precipitate for free amino nitrogen 
as an indication of the presence or absence of less complex nitrogen 
compounds in the copper-protein precipitate. 

In Table I are data which indicate the total nitrogen which is 
not precipitated from a water extract of a standard patent flour 
(Ceretana) by the copper method, as compared with the total 
nitrogen not removed from the same extract by tannic acid, col- 
loidal iron, and phosphotungstic acid, respectively. The figures 
represent averages of several determinations by each method. 


2 Osborne, T. B., and Leavenworth, C. S., J. Biol. Chem.., 1916-17, 
Xxviil, 109. 
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TABLE I. 


Total N not 


Method of treatment using 50 cc. portions of extract. precipitated. 


: gm. 
1. 1 ec. Merck’s 5 per cent colloidal iron ppt. at room tem- 
perature, followed by 1 cc. of concentrated MgSO, 


BU td SNE PO cit 102 a! Rye micas ad Ree Aes As, sable 0.00266 
2. Same as No. 1 with precipitation at boiling temperature. . 0.0033 
3. Precipitation with 10 cc. of 10 per cent phosphotungstic 

acid after making strongly acid with HCl.............. 0.0010 
eye recwpiation with tannic acid. . 2. 9s...5 ee sa Beee ee 0.0012 
Memneeer Pe Gee HOG 3/2157 Sages a eiiecde Seat rae, pwr a Peed 0.0008 


The details of the copper method as used on flour extracts in 
this laboratory are presented in the following experiments. 


Expervment I. 


- Ceretana, a standard patent flour milled by the Bozeman 
Milling Company of Bozeman, Montana, was used in the pre- 
liminary work, which consisted of determining the proper pro- 
portions of flour to water for the extraction, the length of time 
of extraction, and a comparison of the copper method with the 
other methods mentioned earlier in this paper with respect to the 
“total non-protein nitrogen’ determined by other methods. 
Distilled CO,-free water, saturated with toluene, was used for all 
extractions. After trying various proportions of flour to water, 
20 parts of water to 1 of flour was decided upon as a convenient 
proportion to use for extractions. Extractions were carried on 
for varying lengths of time, using portions of 20 gm. of flour to 
400 cc. of water in 500 cc. Erlenmeyer flasks. The flasks were 
shaken vigorously every 15 minutes, for periods of 2, 3, 4, 5, 6, 
and 12 hours, respectively. At the end of each period the. ex- 
tract was filtered through paper, the proteins were precipitated 
by treating 50 ce. of extract with 15 cc. of 0.1 N NaOH, followed 
by 16 cc. of 0.1 N CuSO,, and total nitrogen was determined in 
the filtrate from the copper precipitation. The amount was 
found to be the same for the 2 hour extraction as for the 12 hour 
period, and therefore a minimum extraction period of 2 hours 
was adopted. Perhaps the most satisfactory method for the 
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determination of ‘‘total non-protein nitrogen”’ in flour extracts by 
the above method is to pipette 100 cc. of flour extract into a 
200 cc. sugar flask, add 25 cc. of 0.1N NaOH followed by 27 
ec. of 0.1 N CuSQ,, shake vigorously several times until a water- 
clear supernatant liquid remains after the precipitate settles, 
make to the mark, filter, and determine nitrogen by the Kjeldahl 
method in 100 or 150 cc. of the filtrate. 

The effectiveness of the method was then examined by study- 
ing the nature of the nitrogen compounds left in the filtrate from 
the copper-protein precipitation. In. this work, two flours, A 
and B, were used. Flour A was the Ceretana patent flour men- 
tioned previously, while B was a flour milled from some slightly 
frosted Karkov wheat grown in Montana. 1 liter portions of 
filtered flour extract were placed in 2 liter flasks, and 400 cc. 
portions of 0.1 Nn NaOH were added, followed by 400 cc. of 
0.1 Nn CuSO,. Then small portions (of about 10 cc. each) of 0.1 N 
CuSO. were added, the whole being well shaken and allowed 
to settle after each addition, until an absolutely clear, colorless 
supernatant liquid remained after the precipitate settled. Jt 
appears to be absolutely necessary that the 0.1 N alkale be kept in 
paraffin-lined containers, or else be made up fresh for each occasion, 
as it was found that alkali containing dissolved glass would neither 
cause a sharp separation nor give a clear, colorless filtrate. — Fi- 
nally, distilled water was added up to the 2 liter mark, and the 
filtration performed on a large paper filter. The filtration pro- 
ceeds rapidly and easily when the precipitation is made in the 
manner described. The filtrate was then slightly acidified with 
acetic acid and concentrated under diminished pressure to one- 
twentieth of its volume. The concentrated solutions were slightly 
viscous on account of dissolved carbohydrate material, and gave 
a slight test for copper with ferrocyanide, which they did not give 
before concentration. They also showed the slightest trace of 
color due to copper salts. These concentrated solutions are re- 
ferred to in the remainder of this paper as Solution X. These 
solutions gave no perceptible biuret reaction of any kind, but did 
give a very faint Millon’s reaction, and also a slight Adamkiewicz’ 
reaction. The latter two reactions are indicative of the presence 
of the amino-acids, tyrosine and tryptophane, but do not neces- 
sarily show that they are in protein combination. Solution X 
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gave a slight color with Nessler’s reagent, indicating but a trace 
of free ammonia. Amino nitrogen was determined in Van 
Slyke’s micro-apparatus using 5 ce. portions of Solution X. Amide 
nitrogen was determined by diluting 50 cc. of Solution X to 100 
ec., boiling for 2 hours with 2.5 ce. of concentrated sulfuric acid, 
according to the method of Kénig,’ and distilling with an excess 
of calcium hydroxide under reduced pressure. In order to find 
out approximately the nature of the rest of the nitrogen in the 
extracts, 25 cc. portions of Solution X were hydrolyzed with 
strong hydrochloric acid for about 12 hours, after which am- 
monia and amino nitrogen were again determined, and the in- 
crease in these constituents over the amounts as determined 
before hydrolysis was considered as indicative of the nature and 
complexity of any nitrogen compounds still present in peptide or 
protein form. In Table II are presented results of analyses of 

flours A and B. 


TABLE II. 
[ Flour A | Flour B 
Constituent determined. (sound | (slightly | Flour A.| Flour B. 
‘ patent). | frosted). 
per cent per cent gm, gm. 

PRG Oee MOU ALOUT HC tan ce emarits cm 6 su es 1.89 1.79 
Per cent of total N of flour extracted 

by distilled CO:-free water in 25 

FS (AGS ope. eels ge ae CA ER LA, a - 16.06 | 15.40 
Per cent of total flour N not precipi- |° 

CALE OY? COPED a. ae sat. «ne oe aa aye eae 1.62 ZA12 
Free ammonia in Solution X.......... Trace. | Trace. 
Amide N in total ‘‘non-protein’’ N..:.| 20.00} 26.12 
Gm. of amide N in 100 gm. of flour..... 0.006 | 0.0095 
a-Amino N in total ‘‘non-protein’’ N.. 6.62 7.79 
Gm. of amino N in 106 em. of flour.... 0.002 | 0.003 
Ammonia N after hydrolysis.......... 10.91 | 10.382 
a-Amino N increase due to hydrolysis.| 19.34 | 20.22 
Humin N after hydrolysis............. 8.16 aa t 
Residual nitrogen by difference........| 34.97 | 28.18 


It will be observed from Table II that the actual quantity of 
free amino nitrogen in a normal flour is exceedingly small, being 
about 2 mg. for every 100 gm. of flour. There is about three 


3 Kénig, J.,; Chemie der menschlichen Nahrungs- und Genussmittel, 
Berlin, 4th edition,“1910, ili, 274. 
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times as much nitrogen in the acid amide form. The figures for 
amino nitrogen vary widely from those obtained by Swanson 
and Tague who determined amino nitrogen in a patent flour 
using Sdrensen’s formol titration method and report about nine 
times as much as is found in these experiments. They used 
flour extracts without attempting to remove the proteins. Van 
Slyke micro determinations were made directly on some flour A 
extract in this laboratory in order to obtain a more satisfactory 
comparison with their method. The presence of the proteins 
made it impossible to take an adequate concentrated sample so 
that determinations had to be made using 5 cc. of the extract, 
corresponding to 0.25 gm. of flour. This, according to the 
method used by Swanson and Tague, should give about 0.1 ce. of 
nitrogen gas which may be easily measured in the micro-appa- 
ratus. In no case, however, could more than 0.02 cc. be ob- . 
tained, while the average of four determinations was about 0.01 
ec., which is too small an amount to be considered for the pur- 
poses of a satisfactory determination, although quite in accord- 
ance with the findings using the Van Slyke method on the con- 
centrated extract from which the proteins had previously been 
precipitated with copper; 7.e., Solution X. | 

Table II shows an increase in ammonia and amino nitrogen 
in Solution X after prolonged hydrolysis with strong acid. The 
increase, however, is not great enough to indicate the presence of 
any considerable amount of protein. It suggests, however, that 
there is some nitrogen in the form of peptides which escapes pre- 
cipitation by the copper method, although it does not preclude the 
possibility that traces of protein may still be present also. Hart 
and Bentley,® studying the non-protein nitrogen of some feeding- 
stuffs, found that after treatment with Stutzer’s reagent some 
nitrogen of the nature of peptide linkings remained in solution. 
The same seems to be true when Osborne’s procedure is followed, 
although it is probable that the precipitation of the true proteins 
is practically complete if the proper manipulation is followed. 


4 Swanson, C. O., and Tague, E. L., J. Am. Chem. Soc., 1916, xxxviil, 
1098. 
’ Hart, E. B., and Bentley, W. H., J. Biol. Chem., 1915, xxii, 477. 
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EKxperiment II. 


In order to obtain a more satisfactory idea of the nature of the 
peptide linkings left in solution after the copper treatment, a 
portion of Solution X from flour A was acidified and treated with 
phosphotungstic acid. A considerable precipitate formed which 
contained 40.91 per cent of the total nitrogen in the solution not- 
withstanding the fact that when the original water extract of flours 
is treated with phosphotungstic acid no more (and often less) 
nitrogen is precipitated than by the copper method. However, 
when Solution X was subjected to a further treatment with cop- 
per, as in the first removal of the proteins, no more nitrogen was 
precipitated. Furthermore, when a portion of Solution X was 
mixed with about nine times its volume of 95 per cent alcohol, 
30 per cent of the total nitrogen in the solution was precipitated, 
along with the dextrins and other carbohydrates insoluble in 
alcohol. These facts strongly suggest the presence of peptide 
linkings of a less complex nature than true protein. The phos- 
photungstic acid precipitate was filtered off, washed with a solu- 
tion of phosphotungstic and hydrochloric acids, and hydrolyzed 
for about 12 hours with strong hydrochloric acid, after which 
ammonia and amino nitrogen were determined. Amino nitro- 
gen was also determined in the filtrate from the phosphotungstic 
acid precipitation. Although the determinations were made on 
small amounts of material, they were confirmed by several 
closely agreeing duplicates and blanks on each analysis, the result 
being reported in Table III. 


TABLE III. 
Constituent determined in terms of total N in Solution X. Flour A. 
per cent. 
INS DT ECIMAIsLeGcUy SICONOh esis) 56. Pek er ee ed - 80.00. 
N precipitated by further treatment with CuSO, and NaOH.| ~— None. 
N precipitated with phosphotungstic acid.................-. 40.91 
Mr MATING NCI OONICLON, Sc: 6h Stas nan via eat we ss ko 4 we 64627 
Total amino N in filtrate from phosphotungstic acid pre- a 
BEDE ore oe Pde Che Onan hk LS CUO a co 4.81 
Amino N from exposed amino groups of peptides (by dif- 
Ree Ce WO Notre! nee eis Ohana er mae a 5 a)51s x's AS ashe 2 1.81 
Ammonia N after hydrolysis of phosphotungstic acid pre- 
oipitate........ REE se ery La hs 0 ae hoe eR Fare 5.71 


PME ATLON NVOTOMY Sis. 0. Ce lide Say teria koa eee ot ols 14.30 
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As nearly as may be ascertained from determinations with 
such small amounts of material as are necessitated in the pre- 
ceding experiments, the figures reported in Table III show that 
there cannot have been much, if any, protein left in solution 
after the first precipitation by the copper method. The amino 
nitrogen determinations on Solution X before and after precipi- 
tation with phosphotungstic acid show that there is 1.81 per 
cent less amino nitrogen after the precipitation than before. 
This must be due to the exposed amino groups of the nitrogenous 
matter precipitated by the phosphotungstic acid, and although 
the difference involved the measurement of only 0.03 cc. of 
nitrogen gas in the micro determination, it was confirmed by 
repeated determinations which agreed practically as closely as 
the burette could be read. After hydrolysis there was about 
eight times as much amino nitrogen, which clearly indicates that 
the precipitate consisted chiefly of peptides of a less complex 
nature than protein. The amino nitrogen in the filtrate from 
the treatment of Solution X with phosphotungstic acid which 
amounted to 4.81 per cent probably originated from the free 
amino-acids in the extract. There is a much larger discrepancy 
between the percentage of total nitrogen precipitated by phos- 
photungstic acid and the sum of the percentages of ammonia and 
amino nitrogen after hydrolysis than may reasonably be ac- 
counted for by the non-amino nitrogen of the peptide compounds. 
This seems to indicate that there are other basic nitrogen com- . 
pounds in flour extracts, whose nature is as yet largely unknown. 
A murexide test for purines resulted negatively. 

An attempt was made to ascertain whether or not the copper 
method removes along with the proteins any appreciable amounts 
of amino-acids or peptide-like compounds of a nature less com- — 
plex than that of the proteins by redissolving some of the cop- 
per-protein precipitate in glacial acetic acid and testing the solu- 
tion for free amino groups since the presence of considerable — 
copper does not interfere with the reaction between the amino 
‘groups of amino-acids and nitrous acid. Accordingly a solution 
of the copper precipitate containing 4 mg. of nitrogen was intro- 
duced into the Van Slyke micro-apparatus, but there was no 
evidence to show that any such compounds were present in the 
precipitate. Therefore, it is not believed that any serious error 
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from this source is introduced in the case of flour extracts, not- 
withstanding the fact that under certain conditions copper is 
known to be eapable of forming insoluble compounds with a 
few amino-acids, though not with the majority of them. 

When water extracts of flour were allowed to. stand for several 
weeks at room temperature in the presence of toluene, and ana- 
lyzed at intervals for non-protein nitrogen by the copper method, 
a gradual increase in non-protein nitrogen by autolysis occurred 
although there was no sign of putrefaction. The amount of 
total non-protein nitrogen doubled during the period from May 
25 to July 6, 1917. This indicates that the method is appli- 
cable to proteolysis studies in flour.® 


SUMMARY. 


1. Practically a complete separation of protein from non- 
protein nitrogenous substances in water extracts of wheat flour 
may be accomplished by treating the extract with 0.1N NaOH 
followed by 0.1 Nn CuSO, until there is but slightly more CuSO, 
than an exactly equivalent amount of NaOH. The method is 
simple of manipulation and leaves no troublesome excess of the 
reagents employed for the precipitation. The method permits 
of rapid filtration through ordinary filter paper, giving a water- 
clear solution which may be readily concentrated to one-twen- 
tieth its original volume, for determinations of amino nitrogen by 
Van Slyke’s micro method, and for amide nitrogen determinations. 
Some peptide nitrogen is not precipitated by the copper method, 
but the removal of the true proteins is practically complete. 

2. Normal patent flour contains but about 2 mg. of amino-acid 
nitrogen for every 100 gm. of flour, and about three times as 
much nitrogen in free acid amide form. 

3. There is probably a considerable amount of non-protein ni- 
trogen not precipitated by the copper method which is neither 
amino-acid nitrogen nor is it in the form of peptide complexes; 
its nature is not known. 

4. The method is applicable to studies of proteolysis or other 
studies involving the estimation of protein cleavage products in 
wheat flour. 

5. It is not unlikely that the method will be found applicable 
to biological extracts from other sources than wheat and flour. 


6 Acknowledgment is made to Miss Erma Lessel, who performed a large 
part of the preliminary analytical work. 


on 
Hy 

. 
t 

. 
i] 
i 
> 


+ 
. 
4 
H 
n , 
ne 


ey 


se S 


. 


eae, 
chet 


a, SAY 38 ON 
\e J . 
y ‘i / 
vi ' 
i\e 
Wide " 
mes 
t 
F a) 
\ 
‘ 
; 
" 
i 
i 
‘ 
bi 
‘ 
j 
‘ 
4; 
“t 
. " 
' 
it 
wes 
tee 
i 
nae 
i, sa 
i 
‘ 
4 
3 
‘ Lr a 
’ ¥ 
1 
‘ 
“ 
iy % i 
. 
ah 
’ 
j 
ad 
ots 


INDEX TO VOLUME XXXIITl. 


CID, amino-, nitrogen, estima- 
tion in blood, 325 
—— and alkaline gelatin, antago- 
nistic effect of salts on the 
precipitation of, by alcohol, 489 
—— and salt, effects of, on the pre- 
cipitation of gelatin by alcohol, 
279 | 
— excretion, and mathematical 
formulas, 267 
——, fatty, in human blood in nor- 
mal and pathological condi- 
tions, 401 
—-, phosphoric, 
cells by, 463 
—— production, studies, 103 
— uridinephosphoric, 229 
—, yeast nucleic, structure of, 
229, 425 
Acidosis in experimental hyperthy- 
roidism and its relation to 
epinephrine in the blood and 
the decrease of liver glycogen, 
215 
——, mineral loss during, 103 
——,, studies of, 271 
VON ADELUNG, EpWwaRD. See 
ScHMIDT, VON ADELUNG, and 
Watson, 501 
Adenine and guanine in cow’s milk, 
145 
Adrenals of thyroid-fed rats, epi- 
nephrine content of, 207 
Alcohol, antagonistic effect of salts 
on the precipitation of acid and 
alkaline gelatin by, 489 
—., precipitation of gelatin by, ef- 
fects of acids and salts on, 279 
——., protein solubke in, 243 


penetration of 


561 


Alkali and carbon dioxide, high 
levels of, 333 

—_— —— —— —, low levels of, in- 
duced by ether, prevention and 
reversal of, 345 

Alkaline gelatin and acid, antago- 
nistic effect of salts on the pre- 
cipitation of, by alcohol, 439 

—— reserve of blood plasma and 
other frothing fluids, new hydro- 
gen electrode for electrometric 
titration of, 19 

Aumy, Luoyp H. See CLarxK and 
Aimy, 483 

Amino nitrogen method, Van Slyke, 
foam inhibitor in, 373 

—— -acid nitrogen in the blood, es- 
timation of, 325 

Ammonia and urea in placenta tis- 
sue, direct determination of, 
381 

—— hydrolysis of yeast nucleic 
acid, 425 

Analyzer, Haldane gas, 31 

Anemia, experimental, studies of 
the blood fat and lipoids of the 
dog before and after the pro- 
duction of, 377 

Ascaris suum, catalase content, with 
a suggestion as to its rédle in 
protecting parasites against 
the digestive enzymes of their 
hosts, 395 

ATKINSON, H. V. Animal calorim- 
etry. The influence of me- 
chanical work upon _ protein 
metabolism during the height 
of meat digestion in the dog. 
Fourteenth paper, 379 


562 


AusTIN, J. Haroup, and Jonas, 
Lron. Effects of diet on the 
plasma chlorides and chloride 
excretion in the dog, 91 


BACTERIAL cells, method for ni- 
trogen content of, 525 

BARNETT, GEORGE D. Mathemati- 
cal formulas and acid excretion, 
267 

Bases, guanidine, studies in the 
metabolic changes induced by 
administration of, 253 

BAuMANN, L. See SAwyER, Bav- 
MANN, and STEVENS, 103 

Biological analysis of pellagra-pro- 

ducing diets, 303, 411 

significance of effects of elec- 

trolytes on gelatin, 279, 439 

BuisH, M. J. A study of the non- 
protein nitrogen of wheat flour, 
551 

Blood, carbon dioxide capacity of, 
respiratory regulation, 333, 345, 
355, 365 

——, epinephrine in, and the de- 
crease of liver glycogen, and 
relation to acidosis in experi- 
mental hyperthyroidism, 215 

——, estimation of amino-acid ni- 
trogen in, 325 

— fat and lipoids of the dog be- 
fore and after the production of 
experimental anemia, studies of, 
377 

—— gas analysis, 39 

—, glucose and cholesterol con- 
tent, comparison of, 387 

——, human, in normal and patho- 
logical conditions, fatty acids 
in, 401 

——, normal human, amount and 
distribution of creatinine and 
creatine in, 169 

——, occult, method for detection in 
stools, 1 


Index 


Blood, oxygen and hemoglobin of, 
gasometric determination of, 
127 

— plasma and other frothing 
fluids, new hydrogen electrode 
for electrometric titration of 
the alkaline reserve of, 19 

—— sugar content, influence of in- 
jected guanidine hydrochloride 
upon, 253 

——, venous, oxygen in, studies of 
technique and results on normal 
individuals, 133 

BRADLEY, HAROLD C., and NIcHOLS, 


M. Srarr. Nitrogen content 
of bacterial cells. I. Method, 
925 


Breathing, excessive, reduced car- 
bon dioxide capacity, shock, 
and trauma, sequence of, 365 

Bromate, potassium, effect upon 
enzyme action, 453 


(CALORIMETRY, animal, 379 


, indirect, and respiratory ex- 

change, 47 

CAMPBELL, WALTER R. See Hun- 
TER and CAMPBELL, 169 

Carbohydrate metabolism, influ- 
ence of thyroid feeding upon, 
193, 207, 215 

Carbohydrates, specific, and grains, 
other than oats, influence of, 
on the development of scurvy, 
471 

Carbon dioxide and alkali, high 
levels of, 333 

—— —— —— -——.,, low levels of, 
induced by ether, prevention 
and reversal of, 345 

—— —— capacity of the blood, re- 
spiratory regulation of, 333, 345, 
355, 365 

——., reduced, trauma, ex- 

cessive breathing, and shock, 

sequence of, 365 


| 


Catalase content of Ascaris suum, 
with a suggestion as to its réle 
in protecting parasites against 
the digestive enzymes of their 
hosts, 395 

Cell penetration by phosphoric acid, 
463 

Cells, bacterial, method for nitro- 
gen content of, 525 

Cephalin, hydrolecithin and _ its 
bearing on the constitution of, 
111 

Chemical analysis of twenty com- 
mon food fishes, with especial 
reference to seasonal variation 
in composition, 483 

Chlorides, plasma, and chloride ex- 
cretion in the dog, effects of 
diet on, 91 

Cholesterol and glucose content of 
the blood, comparison of, 387 

CuarRK, Ernest D., and A.Lmy, 
Luoyp H. A chemical study of 
food fishes. The analysis of 
twenty common food fishes with 
especial reference to a seasonal 
variation in composition, 483 

Colorimetric determination of he- 
moglobin, 119 

Copper-phosphate mixtures as sugar 
reagents, 513 

Cottonseed oil, peas, and wheat 
flour, nature of the dietary de- 
ficiencies of a diet of, 411 

Creatine and creatinine in normal 
human blood, amount and dis- 
tribution of, 169 

Creatinine and creatine in normal 
human blood, amount and dis- 
tribution of, 169 

Cretcuer, L. H., JR. 
and CRETCHER, 505 

Crozirr, W. J. Cell penetration 
by acids. IV. Note on the 
penetration of phosphoric acid, 
463 he 


See LEVENE 


Index 


563 


CsonKA, Frank A. The fatty acids 
in human blood in normal and 
pathological conditions, 401 

CurtTMAN, Louis J. See Lyte and 
CurTMAN, 1 


JDANIELS, Amy L., and Lovas- 
LIN, Rosemary. Feeding ex- 

periments with peanuts, 295 

Denis, W. See Fourn and Denis, 
o21 

Determination, colorimetric, of he- 
moglobin, 119 

——., direct, of urea and ammonia in 
placenta tissue, notes on, 381 

—, gasometric, of oxygen and 
hemoglobin of blood, 127 

— of amino-acid nitrogen in 
blood, 325 

—— —— lactose in milk, 521 

, sodium and potassium, 235 

Diet, effects of, on the plasma chlo- 
rides and chloride excretion in 
the dog, 91 

— of peas, wheat flour, and cot- 
tonseed oil, nature of the die- 
tary deficiencies of, 411 

——., pellagra-producing, biological 
analysis of, 308, 411 

Dietary deficiencies of a diet de- 
rived from peas, wheat flour, 
and cottonseed oil, 411 

— essential, water-soluble B, 
study of, in relation to its solu- 
bility and stability towards 
reagents, 55 

Digestion of meat in the dog, influ- 
ence of mechanical work upon 
protein metabolism during the 
height of, 379 

Digestive enzymes of hosts, cata- 

lase content of Ascaris suwm, 

with a suggestion as to its réle 

in protecting parasites against, 

395 

tract of invertebrates, lichen- 

ase in, 161 


564 


Dupin, Harry. Studies of the 
blood fat and lipoids of the dog 
before and after the production 
of experimental anemia, 377 


JUCKSTEIN, H. C. See Mrrcu- 
ELL and EcksTEIN, 373 

Electrode, hydrogen, for the elec- 
trometric titration of the alka- 
line reserve of blood plasma 
and other frothing fluids, 19 

Electrolytes, effects of, on gelatin 
and their biological signifi- 
cance, 279, 439 

Electrometric titration of alkaline 
reserve of blood plasma and 
other frothing fluids, new hy- 
drogen electrode for, 19 

Enzyme action, effect of ee 
bromate upon, 453 

Enzymes, digestive, of hosts, cata- 
lase content of Ascaris suum 
with a suggestion as to its 
rdle in protecting parasites 
against, 395 

Epinephrine content of the adrenals 
of thyroid-fed rats, 207 

—— in the blood and the decrease 
of liver glycogen, and relation 
to acidosis in experimental 
hyperthyroidism, 215 

Ether production of low levels of 
carbon dioxide and alkali, pre- 
vention and reversal of, 345 


FALK, I. S., and Winstow, C.-E. 
A. The effect of potassium 
bromate upon enzyme action, 
453 

Fat, blood, and lipoids of the dog 
before and after the production 
of experimental anemia, studies 
of, 377 

Fatty acids in human blood in nor- 
mal and _ pathological condi- 
tions, 401 

Feeding experiments with peanuts, 
295 


Index 


Feeding, thyroid, influence upon car- 
bohydrate metabolism, 193, 207, 
215 . 

Fenn, W. O. The effects of elec- 
trolytes on gelatin and their 
biological significance. I. The 
effects of acids and salts on the 
precipitation of gelatin by al- 
cohol, 279. II. The effects of 
salts on the precipitation of acid 
and alkaline gelatin by alcohol. 
Antagonism, 439 

Fishes, food, chemical analysis of 
twenty common, with especial 
reference to seasonal variation 
in composition, 483 

Flour, wheat, peas, and cottonseed 
oil, nature of the dietary defi- 
ciencies of a diet of, 411 

——, , study of the non-pro- 
tein nitrogen of, 551 

Fluids, frothing, and blood plasma, 
new hydrogen electrode for 
electrometric titration of the 
alkaline reserve of, 19 

Foam inhibitor in the Van Slyke 
amino nitrogen method, 373 

Fou1n, Orro, and Drnis, W. The 
determination of lactose in 
milk, 521 

— and McExuuiroy, W. 8. Cop- 
per-phosphate mixtures as 
sugar reagents. A  qualita- 
tive test and a quantitative 
titration method for sugar in 
urine, 513 

Food fishes, a chemical analysis of 
twenty common, with especial 
reference to seasonal variation 
in composition, 483 

Formulas, mathematical, and acid 
excretion, 267 


AS analysis, applications of, 31, 
39, 47 
—— ——,, blood, 39 
—— analyzer, Haldane, 31 


Index 


Gasometric determination of oxygen 
and hemoglobin of blood, 127 
Gelatin, alkaline and acid, antago- 
nistic effect of salts on the pre- 
cipitation of, by alcohol, 439 
——.,, effects of electrolytes on, and 
and their biological significance 
279, 439 
——, precipitation of, by alcohol, 
effects of acids and salts on, 279 
Glucose and cholesterol content of 
the blood, comparison of, 387 
Glycogen, liver, decrease of, and 
epinephrine in blood, and rela- 
tion to acidosis in experimental 
hyperthyroidism, 215 
——, ——, in thyroid-fed animals, 
storage and mobilization of, 
193 
Grains, other than oats, and spe- 
cific carbohydrates, influence 
on the development of scurvy, 
Meret et 
Growth in young animals, causes of 
failure of mixtures of seeds to 
promote, 303 
—— of chickensin confinement, 433 
Guanidine bases, studies in the 
metabolic changes induced by 
administration of, 253 
— hydrochloride, injected, influ- 
ence of upon blood sugar con- 
tent, 253 
Guanine and adenine in cow’s milk, 
145 


HAGGARD, H. W. See HeEnN- 
DERSON and Haaagarp, 333, 

345, 355, 365 

Haldane gas analyzer, 31 

HamMeEtTtT, Freprerick 8S. Notes on 
the direct determination of 
urea and ammonia in placenta 
tissue, 381 

Hart, E. B., and Steensock, H. 
Thyroid hypefplasia and the 


565 


relation of iodine to the hairless 
pig malady. I, 313 

Hemoglobin and oxygen of blood, 
gasometric determination of, 127 

——, colorimetric determination of, 
119 

HENDERSON, YANDELL. 
tions of gas analysis. IV. The 
Haldane gas analyzer, 31. VI. 
The respiratory exchange and 
indirect calorimetry, 47 

——and Haaaarp,H.W. Respira- 
tory regulation of the CO, ca- 
pacity of the blood. I. High 
levels of CO, and alkali, 333. 
II. Low levels of CO: and alkali 
induced by ether. Their pre- 
vention and reversal, 345. III. 
The effects of excessive pul- 
monary ventilation, 355. IV. 
The sequence of trauma, exces- 
sive breathing, reduced COs: 
capacity, and shock, 365 

—— and Smitu, ARTHUR H. Ap- 
plications of gas analysis. V. 
Blood gas analysis, 39 

Hiutu, R. L. The analysis of milk 
secreted by a suckling doe kid, 
391 ’ 

Histidine, method for the prepara- 
tion of, 429 

Hogan, ALBERT G. The nutritive 
properties of kafirin, 151 

HuntTEeR, ANDREW, and CAMPBELL, 
WatTeR R. The amount and 
the distribution of creatinine 
and creatine in normal human 
blood, 169 

Hydrocarbons, tertiary, synthesis 
and oxidation of, 505 

Hydrochloride, guanidine, injected, 
influence of, upon blood sugar 
content, 253 

Hydrogen electrode for the elec- 
trometric titration of the alka- 
line reserve of blood plasma and 
other frothing fluids, 19 


Applica- 


566 


Hydrolecithin and its bearing on 

-the constitution of cephalin, 
111 

Hydrolysis, ammonia, of yeast nu- 
cleic acid, 425 

Hyperplasia, thyroid, and relation 
of iodine to the hairless pig 
malady, 318 

Hyperthyroidism, experimental, 
acidosis in, and its relation to 
epinephrine in the blood and 
the decrease of liver glycogen, 
215 


[NHIBITOR, foam, in the Van 
Slyke amino nitrogen method, 
373 

Invertebrates, digestive tract of, 
occurrence of lichenase in, 161 

Todine, relation to thyroid hyper- 
plasia and the hairless pig 
malady, 313 

Ionization of proteins and antagon- 
istic salt action, 531 


JEWELL, Mrnna E., and LEwIs, 
Howarp B. The occurrence of 
lichenase in the digestive tract 
of invertebrates, 161 


Jonas, Lron. See AvsTIN and 
JONAS, 91 
Jones, Horry M. A detailed 


method for the preparation of 
histidine, 429 


K AFIRIN, nutritive properties of, 
151 

KuriyaMa, SHiceNoBu. The in- 
fluence of thyroid feeding up- 
on carbohydrate metabolism. 
I. The storage and mobiliza- 
tion of the liver glycogen in 
thyroid-fed animals, 193. II. 
The epinephrine content of the 
adrenals in thyroid-fed rats, 
207. III. The acidosis in ex- 
perimental hyperthyroidism 


Index 


‘and its relation to epinephrine 
in the blood and the decrease 
of liver glycogen, 215 


[ ACTOSE in milk, determination 
of, 521 

Lecithin (hydrolecithin), its bear- 
ing on the constitution of 
cephalin, 111 

Levene, P. A. The structure of 
yeast nucleic acid. II. Uri- 
dinephosphoric acid, 229. III. 
Ammonia hydrolysis, 452 

— and Cretcuer, L. H., JR. 
Synthesis and oxidation of ter- 
tiary hyrocarbons, 505 

— and West, C. J. Lecithin, I. 
‘‘Hydrolecithin”’ and its bear- 
ing on the constitution of 
cephalin, 111 


Lewis, Howarp B. See JEWELL 


and Lewis, 161 

Lichenase, in the digestive tract o 
invertebrates, 161 

Lipoids and blood fat of the dog 
before and after the produc- 
tion of experimental anemia, 
studies of, 377 

Liver glycogen, decrease of, and 
epinephrine in blood, relation 
to acidosis in experimental 
hyperthyroidism, 215 

—— -—— in thyroid-fed animals, 
storage and mobilization of, 193: 

Lozp, JaccuEs. Ionization of pro- 
teins and antagonistic salt ac- 
tion, 531 

Loveuiin, Rosemary. See DaAn- 
IELS and LOUGHLIN, 295 

LUNDSGAARD, CHRISTEN. Studies 
of oxygen in the venous blood. 
I. Technique and results on 
normal individuals, 133 

Lyin, WiLtt1AM G., and CURTMAN, 
Louis J. A new method for 
the detection of occult blood in 
stools, 1 


Index 


MAGATH, Tuomas Byrpv. The 
catalase content of Ascaris 

suum, with a. suggestion as to 
its role in protecting parasites 
against the digestive enzymes 
of their hosts, 395 

McCuiEenpon, J. F. A new hydro- 
gen electrode for the electro- 
metric titration of the alkaline 
reserve of blood plasma and 
other frothing fluids, 19 

McCoutvm, E. V., and Simmonps, 
N. A _ biological analysis of 
pellagra-producing diets. IV. 
The causes of failure of mix- 
tures of seeds to promote 
growth in young animals, 303 

—— and ——. A study of the die- 
tary essential, water-soluble 
B, in relation to its solubility 
and stability towards reagents, 
55 

——, ——, and Parsons, H. T. A 
biological analysis of pellagra- 
producing diets. V. The na- 
ture of the dietary deficiencies 
of a diet derived from peas, 
wheat flour, and cottonseed oil, 
411 

McCrouppen, F. H., and SarGenrt, 
C. S. The determination of 
sodium and potassium, 235 

—— and ——. Comparison of the 
glucose and cholesterol content 
of the blood, 387 

McEuiroy, W. 8S. See Foun and 
McE tiroy, 513 

MENDEL, Larayette B. See Os- 
BORNE and MENDEL, 433 

Metabolic changes, studies in, in- 
duced by administration of 
guanidine bases, 253 

Metabolism, carbohydrate, influ- 

ence of thyroid feeding upon, 

193, 207, 215 

, protein, influence of mechan- 

ical work upoti, during the 


567 


height of meat digestion in the 
dog, 379 

Method for detection of occult 
blood in stools, 1 

preparation of histidine, 


— 


429 


—— taurin in large 
quantities, 499 

—, quantitative titration, and 
qualitative test for sugar in 
urine, 513 

—, Van Slyke amino nitrogen, 
foam inhibitor in, 373 

Milk, cow’s, adenine and guanine 
in, 145 

——, ——,, proteins of, 7 

——, determination of lactose in, 
521 

——, new constituents of, 243 

—— secreted by a suckling doe kid, 
analysis of, 391 

Mineral loss during acidosis, 103 

MitcHEeLL, H. H., and EcxsTein, 
H.C. A foam inhibitor in the 
Van Slyke amino nitrogen 
method, 373 hs 


NICHOLS, M. Starr. See Brap- 
LEY and NicHoLs, 525 

Nitrogen, amino, Van Slyke method, 
foam inhibitor in, 373 

——, amino-acid, in blood, estima- 
tion of, 325 Lo 

— content of bacterial 
method for, 525 

——, non-protein, of wheat flour, 
study of, 551 

Nucleic acid, yeast, structure of, 
229, 425 

Nutritive properties of kafirin, 151 


cells, 


()KADA, SrizaABuro. On the es- 
timation of amino-acid nitro- 
gen in the blood, 325 

OsBORNE, THomAs B., and MENDEL, 
LarAYETTE B. The growth of 
chickens in confinement, 4383 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XXXIII, NO. 3 


568 


OsBorneE, THomas B., and WaAKE- 
MAN, ALFRED J. The proteins of 
cow’s milk, 7 

— and Some new constitu- 
ents of milk. Third paper. A 
‘new protein, soluble in alcohol, 
243 

Oxidation and synthesis of tertiary 
hydrocarbons, 505 ) 

Oxygen and hemoglobin of blood, 

gasometric determination of, 127 

in the venous blood, studies of 
technique and results on normal 

individuals, 133 


PALMER, Watrer W. The col- 
orimetric determination of 
hemoglobin, 119 

Parasites, protection against diges- 
tive enzymes of their hosts, 
role of catalase content of As- 
caris suum in, 395 

Parsons, H. T. See McCouuum, 
Srmmonps, and Parsons, 411 

Peanuts, feeding experiments with, 
295 

Peas, wheat flour, and cottonseed 
oil, nature of the deficiencies 
of a diet of, 411 

Pellagra-producing diets, biologi- 
cal analysis of, 303, 411 

Phosphate, copper-, mixtures as 
sugar reagents, 513 

Phosphoric acid, penetration of 
cells by, 463 

Pitz, W. Studies of experimental 
scurvy. II. The influence of 
grains, other than oats, and 
specific carbohydrates on the 
development of scurvy, 471 

Placenta tissue, direct determina- 

_ tion of urea and ammonia in, 

381 

Plasma, blood, and other frothing 
fluids, new hydrogen electrode 
for electrometric titration of 
the alkaline reserve of, 19 


Index 


Plasma, chlorides and chloride ex- 
cretion in the dog, effects of 
diet on, 91 

Potassium and sodium, determina- 
tion of, 235 

—— bromate, effect upon enzyme 
action, 453 

Protein metabolism, influence of 
mechanical work upon, during 
the height of meat digestion 
in the dog, 379 

——, non-, nitrogen of wheat flour, 
study of, 551 

——., soluble in alcohol, 243 

Proteins, ionization of, and antago- 
nistic salt action, 531 

— of cow’s milk, 7 

Pulmonary ventilation, the effects 
of excessive, 355 


RESERVE, alkaline, of blood plas- 


ma and other frothing fluids, 
new hydrogen electrode for elec- 
trometric titration of, 19 
Respiratory exchange and indirect 
calorimetry, 47 
regulation of the CO: capacity 
of the blood, 333, 345, 355, 365 


GALT and acid, effects oi, on the 
precipitation of gelatin by al- 
cohol, 279 

——, antagonistic action, and ioni- 
zation of proteins, 531 

—., effect of, on the precipita- 
tion of acid and alkaline gelatin 
by alcohol, 439 

SarGEent, C. S.. See McCruppDEN 
and SARGENT, 235, 387 

SawYyER, Marcaret, BAUMANN, L., 
and Stevens, F. Studies of 
acid production. II. The min- 
eral loss during acidosis, 103 

Scumipt, Cari L. A., von ADEL- 
unG, Epwarp, and WATSON, 
Tuomas. On the elimination 
of taurin administered to man, 
501 


Index 


Scumipt, Caru L. A., and Watson, 
Tuomas. A method for the 
preparation of taurin in large 
quantities, 499 

Scurvy, experimental, studies of, 471 

——,, influence of grains, other than 
oats, and specific carbohydrates 
on the development of, 471 

Seed mixtures, causes of failure of, 
to promote growth in young 
animals, 303 


SHERWIN, Cart P. See VorGrTLIN 


and SHERWIN, 145 

Shock, trauma, excessive breathing, 
and reduced carbon dioxide 
capacity, sequence of, 365 

Srumonps, N. See McCouuvm and 

Srumonps, 55, 303 

See McCotium, SIMMONDS, 

and Parsons, 411 

Smita, ArtHUR H. See HENDER- 
son and Sm1Tu, 39 

Sodium and potassium, determi- 
nation of, 235 

Stepnsock, H. See Harr and 
STEENBOCK, 313 

Stevens, F. See Sawyer, Bav- 
MANN, and STEVENS, 103 

Stools, occult blood in, method for 
detection of, 1 

Sugar content, blood, influence of 
injected guanidine hydrochlo- 
ride upon, 253 

—— in urine, qualitative test and 

quantitative titration method 

for, 513 

reagents, copper-phosphate 

mixtures as, 513 

Suum, Ascaris, catalase content, 
with a suggestion as to its 
role in protecting parasites 
against digestive enzymes of 
their hosts, 395 


-— 


(TAURIN administered to man, 
elimination of, S01 


569 


Taurin, method for preparation in 
large quantities, 499 

Thyroid-fed animals, storage and 
mobilization of liver glycogen 
in, 193 


—— rats, epinephrine content of 


the adrenals of, 207 

Thyroid feeding, influence of, upon 
carbohydrate metabolism, 193, 
207, 215 

—— hyperplasia and the relation of 
iodine to the hairless pig mal- 
ady, 313 

Tissue, placenta, direct determina- 
tion of urea and ammonia in, 381 

Titration, electrometric, of alkaline 
reserve of blood plasma and 
other frothing fluids, new hy- 
drogen electrode for, 19 

— method, quantitative, and 
qualitative test for sugar in 
urine, 513 

Trauma, excessive breathing, re- 
-duced carbon dioxide capacity, 
and shock, sequence of, 365 


REA and ammonia in placenta 
tissue, the direct determina- 
tion of, 381 
Uridinephosphorie acid, 229 
Urine, qualitative test and quanti- 
tative’ titration method for 
sugar in, 513 


VAN SLYKE amino nitrogen 
method, foam inhibitor in, 373 

VAN SLYKE, DonaLp D. Gasomet- 
ric determination of the oxygen 
and hemoglobin of blood, 127 

——. Studies of acidosis. X, 271 

Venous blood, oxygen, studies of, 
technique and results on normal 
individuals, 133 

Ventilation, excessive pulmonary, 
effects of, 355 

VOEGTLIN, Cart, and SHERWIN, 
Cart P. Adenine and guanine 
in cow’s milk, 145 


570 


WAKEMAN, Atrrep J. See 
OSBORNE and WAKEMAN, 7, 

2438 

WaranaBE, C. K. Studies in the 
metabolic changes induced by 
administration of guanidine 
bases. I. Influence of injected 
guanidine hydrochloride upon 
blood sugar content, 253 

Water-soluble B, dietary essential, 
study of its solubility and sta- 
bility towards reagents, 55 

Watson, THomas. See ScHMIDT, 
von ADELUNG, and Watson, 501 


Index 


Watson, Tsomas. See Scumipt 
and Watson, 499 

West, CLARENCE J. See Levene 
and WEsT, 111 

Wheat: flour, peas, and cottonseed 
oil, nature of the dietary defi- 
ciencies of a diet of, 411 

, study of the non-protein 
nitrogen of, 551 

Winstow, C.-E. A. 
Winstow, 453 


—_—— 


See Fak and 


EAST nucleic acid, structure of, 
229, 425 


PROCEEDINGS OF THE AMERICAN SOCIETY 
OF BIOLOGICAL CHEMISTS. 


TwrewLrrH ANNUAL MEBRTING. 


Minneapolis and Rochester, Minn., December 27-29, 1917. 


THE ROLE OF SOME INORGANIC ELEMENTS IN NUTRITION. 
By LAFAYETTE B. MENDEL anp THOMAS B. OSBORNE. 


(From the Laboratory of the Connecticut Agricultural Experiment Station 
and the Sheffield Laboratory of Physiological Chemistry in Yale 
University, New Haven.) 


- The relative importance of the individual inorganic salts was 
long ago determined for plants, but hitherto no such definite 
knowledge of the requirements of animals has been possible owing 
_ to the failure of animals to thrive on a diet of purified foodstuffs. 
Now that the essential factors of a successful dietary have been 
ascertained it has become possible to prepare rations in which 
the individual ions are excluded except for the unavoidable small 
amounts present in the products used to supply the water-soluble 
vitamine or found as impurities in the other ingredients of the 
food. 

From experiments with such diets it has been demonstrated 
that calcium and phosphorus are needed in considerable amounts; 
for with only a trace of either of these elements in the food, rats 
failed to grow and sooner or later declined. On diets in which 
only supposedly insignificant quantities of magnesium, sodium, 
potassium, or chlorine were present growth at a normal or nearly 
normal rate was made for about 1 year. Where both sodium and 
potassium were present in the above small amounts no growth 
occurred. 


THE NUTRITIVE PROPERTIES OF KAFIR. 
By ALBERT G. HOGAN. 


(From the Department of Chemistry, Kansas Agricultural Experiment 
Station, Manhattan.) 


Our investigations of the nutritive properties of kafir were in- 
terrupted, and as some time may elapse before this study can be 
resumed we deem it advisable to take this opportunity of mak- 
ing a preliminary report. Although we have a high degree of 
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confidence in the correctness of our conclusions, these observa- 
tions are not to be’ considered as necessarily final. 

When kafir forms the sole diet of white rats, it has about the 
same nutritional value as. corn. Kafir is seriously deficient in 
calcium, but when this element (Ca lactate) is supplied, the ani- 
mals grow and attain maturity, though the growth period is con- 
siderably prolonged. Growth on kafir and ash mixture is ap- 
parently more rapid than on corn and ash mixture. 

Females receiving kafir and a salt mixture became opens 
and delivered young, but in no case did these litters survive more 
than a few days. | 

The proteins of kafir seemed to have a biological value equal 
to that of corn in inducing growth. 

Kafir is probably deficient in one of the accessory substances. 
A comparison of the data obtained by feeding kafir and by feed- 
ing corn indicates that the fat-soluble A, as described by McCollum, 
is a limiting factor in kafir. 

Our investigations.on the nutritive properties of kafirin were 
brought more nearly to completion and the data has been pub- 
lished in detail.!. Kafirin, when it forms the sole source of pro- 
tein in the diet, is apparently inadequate for growth or for the 
maintenance of young animals (rats). Lysine is the first limit- 
ing factor of kafirin, and cystine is the second. The results in- 
dicate that lysine is indispensable not only’ for growth, but also 
for the maintenance of young animals. 


THE RELATION BETWEEN PHOSPHORUS METABOLISM AND THE 
SECRETION OF MILK FAT. 


By EDWARD B. MEIGS anp N. R. BLATHERWICK. 


(From the Bureau, of Animal Industry, United States Department of 
Agriculture, Washington.) 


Blood samples have been obtained nearly simultaneously from 
the jugular and mammary veins of milking cows, and the plasma 
from such samples has been analyzed for total, lipoid, and inor- 
ganic phosphorus, the object being to determine whether the 
concentrations of these kinds of phosphorus were appreciably 


1 Hogan, A. G., J. Biol. Chem., 1918, xxxiii, 151. 
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changed during the passage of the blood through the active 
gland. 

In the earlier experiments the cow was disturbed by precautions 
which were afterward found to be unnecessary, and the results 
of the experiments differed according as the subjects were much or 
little disturbed before and during the collection of the mammary 
blood. When they were much disturbed, the mammary plasma 
had the same concentration of lipoid phosphorus as the jugular, 
but a higher concentration of inorganic phosphorus, and a corre- 
spondingly higher concentration of total phosphorus. When they 
were little disturbed, the mammary plasma had a lower concen- 
tration of lipoid phosphorus and a higher concentration of inor- 
ganic phosphorus than the jugular. 

These results are taken to mean that the precursor in plasma 
of both milk fat and milk phosphorus is either lecithin or some 
related compound. The ratio phosphorus: fat in lecithin is 
about 1:18, whereas it is a out 1:50 in milk. If, therefore, the 
mammary gland takes from the plasma enough lecithin or enough 
of some related phosphatide body to supply its milk with fat, — 
it gets with it more phosphorus than can be used for the milk, 
and the excess must be returned to the blood. These considera- 
tions are taken to explain the back-flow of inorganic phosphorus 
from the mammary gland to the blood, which occurred in all the 
experiments. The experiments indicate further that the dis- 
turbance of milking animals interferes with the taking up of 
phosphatide by the mammary gland, but not with the back- 
flow of inorganic phosphate from the gland to the blood. 


THE EFFECT OF COTTONSEED FLOUR ON ANIMALS, WITH PAR- 
TICULAR REFERENCE TO THE INORGANIC CONSTITUENTS 
OF WHITE RATS. 


BYE Gs COOK. 


(From the Bureau of Chemistry, United States Department of Agriculture, 
Washington.) 


Six separate groups of animals, each group consisting of 
twenty-four rats, twelve mice, and six guinea pigs, were fed for 
periods up to 6 months on (1) 25 per cent cottonseed flour bread, 
(2) 25 per cent cottonseed flour dough, (3) 40 per cent cottonseed 
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flour bread, (4) white flour bread, (5) entire wheat bread, and (6) - 
mixed diet. 

The exclusive bread diets did not support life, although no 
pathological lesions were found to be characteristic of any of the 
diets. 25 per cent cottonseed flour dough supported life longer 
than 25 per cent cottonseed flour bread. The animals fed en- 
tire wheat bread and white bread lived no longer than the ani- 
mals fed the cottonseed flour breads. f 

Less nitrogen was required to maintain rats and mice at con- 
stant weight when white bread was fed than when entire wheat. 
bread was fed. The largest amount of nitrogen required to main- 
tain constant weight was in the case of the animals fed 40 per cent. . 
cottonseed flour bread. These findings are in line with the re- 
sults reported in the literature for larger animals. 

After 6 months, when the experiment closed, the bodies of 
twenty-four rats, four from each of the six groups, were separately 
analyzed for inorganic constituents. | 

The 40 per cent cottonseed flour bread was highest in total 
ash, P.O;, CaO, and MgO of any of the breads fed. The ash 
constituents were apparently not properly balanced as the bodies 
of the rats fed on this bread were low in total ash and especially 
in P,O;-free ash. ‘The ratio of MgO to CaO was 1:15 for the 
bodies of the rats fed on 40 per cent cottonseed flour bread and 
1: 25 for the controls. 

The exclusive feeding of cottonseed flour bread apparently 
caused changes in the ash constituents of the tissues of the rats 
analyzed. These changes appeared in the results for the rats 
fed 25 per cent cottonseed- flour bread and dough and were 
marked in the cases of the rats fed 40 per cent cottonseed flour bread. 


BORON. ITS EFFECT ON CROPS AND ITS DISTRIBUTION IN 
PLANTS AND SOILS IN VARIOUS PARTS OF THE 
UNITED STATES. 

By F. C. COOK anp J. B. WILSON. 

(From the Bureau of Chemistry, United States Department of Agriculture, 
Washington.) 

Borax and colemanite (calcium borate) were found to be effec- 
tive larvicides for the house-fly.2. To determine the effect of the 


? Cook, F. C., Hutchison, R. H., and Scales, F. M., U. S. Dept. Agric., 
Bull. 118, 1914. 
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boron, added to manure for this purpose, on plant growth a study 
was made extending over 3 years in which crops were grown in 
different parts of the country on soil fertilized with manure 
containing definite amounts of added borax and of added coleman- 
ite. In order to test the cumulative effect of the boron the same 
plants were treated with manure and boron for three seasons. 
Wheat, rye, oats, beets, tomatoes, cowpeas, lettuce, soy beans, 
string beans, potatoes, spinach, kale, cabbage, turnips, corn, and 
peach trees were included in the experiments. 

Practically the same amount of boron was absorbed by the 
plants whether it was added to the soil as soluble borax or as 
insoluble colemanite. Wheat, oats, and rye absorbed little 
boron, while leguminous and succulent plants absorbed com- 
paratively large amounts. There was a marked difference in 
the distribution of the boron in the roots, tops, and fruit of the 
different plants. Leguminous plants were very sensitive to the 
boron. At Bethesda, Maryland, 0.0044 per cent H;BO; added 
as borax and 0.0058 per cent added as colemanite to the upper 6 
inches of soil caused no injury to lettuce, spinach, and kale, while 
at Arlington, Virginia (5 miles distant), the same amounts of 
boron gave a reduced yield of these crops. A similar difference 
in the effect of a definite amount of boron on other plants when 
grown on different soils is indicated. There is a decided differ- 
ence in soils in rendering the added boron non-toxic, although all 
soils tested gradually rendered the soluble boron insoluble and 
non-toxic. In many soils there is a tendency for plants to ab- 
sorb boron in proportion to the amounts added to the soil while 
in other soils the same amounts of boron were absorbed irrespec- 
tive of the amounts added. The absorption and the toxic effect 
of boron on plants varies with the variety of plants, the solu- 
bility of the boron compound, the amount of the boron compound 
added to the soil, the time elapsing after the compound is mixed 
with the soil before planting, the amount of rainfall, etc., and 
finally with the character of the soil to which the boron compound 
is added. 
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THE INFLUENCE OF DIET ON THE URINARY CALCIUM AND 
MAGNESIUM EXCRETION OF MAN. 


By MAURICE H. GIVENS. 


(From the Sheffield Laboratory of Physiological Chemistry, Yale University, 
New Haven.) 


Nelson and Burns’ found that eight out of twenty-five persons, 
on random diets, excreted more magnesium than calcium in the 
urine. If one accepts the generally quoted statement that cal- 
clum and magnesium excretion is dependent upon the quality | 
‘and quantity of nourishment ingested, their findings ought to be 
corroborated with subjects on diets having a content of mag- 
nesium greater than that of calcium. Accordingly nine healthy 
individuals, consumed foods estimated to contain more mag- 
nesium than calcium for periods of 6 to 9 days. In only three 
cases was the urinary magnesium excretion greater than that 
of calcium and in no one of them was the excess of magnesium 
over calcium greater than 30 mg. per day. In two of these three 
individuals the urinary calcium output became greater than the 
magnesium. by the addition to the daily intake of two glasses of 
milk; in the’ third case a similar result was obtained with a small 
dose of calcium lactate. When milk was added to the régime 
the calcium excretion was increased at once with a slight rise 
in the magnesium. 


ACIDOSIS IN RELATION TO PANCREATIC DIABETES. 


By V. W. JENSEN. 
(From the Northwestern University Medical School, Chicago.) 


Elias! states that the introduction of acids into rabbits and 
dogs leads to hyperglycemia and glycosuria. Watanabe® in a re- 
cent article had occasion to test this out on rabbits and concludes 
that the results are not at- all uniform, and he found that the 
amount of sugar in the blood was not perceptibly increased. He 
did not test the urine, but there was no reason to believe that 


3 Nelson, C. F., and Burns, W. E., J. Biol. Chem., 1916-17, xxviii, 237 
4 Elias, H., Biochem. Z., 1913, xlvili, 120. 
5 Watanabe, C. K., Am. J.. Physiol., 1917, xlv, 30. 
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there would have been any glycosuria, because of the low amount 
of sugar in the blood. 

The present investigation was commenced without knowledge | 
of this latter work and with the idea of deciding whether or not 
acid is a cause of glycosuria or a result of a diabetic condition. 
A great criticism of Elias’ work is that the acid he used was too 
strong, 0.25N HCl. It is quite possible that his results will 
hold good, but they are open to the objection that it might have 
been an indirect action on the pancreas, or a corrosive action on 
the duodenum. 

In the present work, I used 0.1 N HCl, 600 cc. given in 200 ce. 
doses three times a day. This acid is close to the strength nor- 
mally found in the dog’s stomach. This was tried on two dogs. 
One dog was rendered glycosuric by removing seven-eighths of the 
pancreas, and the other highly sensitized by removing six- 
sevenths of the pancreas. The sensitized dog in no case gave 
glycosuria by addition of acid, although he could have been 
rendered highly glycosuric on carbohydrate diet, but was free 
from it on a‘meat diet. The glycosuric dog ran on the average 7 
gm. of sugar a day on meat diet. During the acid period this 
amount was doubled. When an equal amount of sodium car- 
bonate was given, the sugar amount dropped to 0.25 gm. per day. 

While these experiments are too few in number to give any 
definite conclusions, it would seem at the present time that acido- 
sis is a result of a glycosuric condition and that after it has de- 
veloped it acts as a vicious circle and increases the condition. 
This statement is supported by the fact that when a non-glyco- 
suric sensitized dog is fed a carbohydrate diet, he eliminates 25 
em. of sugar per day, and the acid in urine is doubled, and am- 
monia excretion is greatly increased. 


THE ACTION OF AMMONIUM COMPOUNDS ON PTYALIN. 


By ELBERT W. ROCKWOOD. 
(From the Department of Chemistry, University of Iowa, Iowa City.) 


Digestion was carried on in a medium neutral to litmus. Both 
salts of inorganic and organic acids were tested. The ammonium 
salts of the inorganic acids increased the activity of the ptyalin 
as did also those of the stronger organic acids. In general the 
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ammonium salts of the strong acids had a greater activating 
effect than those of the weak acids. To this oxalic acid is an 
exception, having little or no effect. 


LIPEMIA. 
By W. R. BLOOR. 
(From the Biochemical Laboratory of Harvard Medical School, Boston.) 


A study was made of the blood lipoids in a case of severe dia- 
betic lipemia where the blood lipoids reached a very high value 
(over 13 per cent). Analyses were made of blood samples of 
which the first was taken 36 hours after the last meal and the 
others at intervals for about 30 days. In the first 20 days of this 
period no fat was eaten and the total food intake did not exceed 
350 calories per day. In the beginning there was marked “dia- 
betic anemia,” the blood corpuscle percentage in the first sample 
being 29 per cent while the normal for this individual was about 
42 per cent. During the first 5 days there was considerable 
acidosis—low CQO, tension in the alveolar air, high trinary am- 
monia, and considerable quantities of acetone bodies in the urine— 
and during this period there was very little absorption of lipoids 
from the blood; in fact, as a result of the disappearance of the 
‘“‘anemia’’ and the accompanying concentration of the plasma 
the lipoid values became higher than at the beginning. The 
acidosis disappeared during the next 5 day period and with its 
disappearance there was a rapid lowering of the blood lipoids— 
about 50 per cent of the total lipoids in the 5 days. Of the lipoids, 
the fat decreased most rapidly, the lecithin next, and the choles- 
terol least. The rate of disappearance of the cholesterol was 
fairly uniform throughout, not being much affected by the pres- 
ence or absence of acidosis. Changes in the fat and lecithin con- 
tent of the blood corpuscles were marked throughout, while the 
cholesterol content remained quite constant, bearing out the earlier 
findings that the blood corpuscles take an active part in the 
metabolism of fat and lecithin but not of cholesterol. During 
the remainder of the period of examination the blood lipoids con- 
tinued to decrease slowly. The addition of 50 to 60 gm. of fat 
to the daily diet and the increase of the diet to over 1,000 calories 
produced only a slight lessening of the rate of decrease. 
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FURTHER STUDIES IN AUTOLYSIS. 
By H. C. BRADLEY. 


(From the Laboratory of PhysiologicalChemistry, University of Wisconsin, 
Madison.) 


I. Brain—The autolysis of nervous tissue is accelerated by 
acids and inhibited by alkali just as are other gland tissues. 
While the amount of protein present in nervous tissue is very 
small, the rapidity of its autolysis is about equal to that of 
liver or kidney. Because of the exceedingly delicate protein 
framework of the nerve cell, its destruction through the auto- 
lytic mechanism may quickly proceed to an irreparable extent, 
while other organs with their large protein content may undergo 
large atrophic changes without irreparable damage. — 

II. Muscle—Of the three types of muscle tissue, striated auto- 
lyzes most slowly and to the smallest extent. Cardiac and smooth 
muscle autolyze from 50 to 100 per cent faster. All three are 
found to be accelerated by acidity and inhibited by alkalinity, 
but to a much less striking extent than the gland tissues pre- 
viously studied. 

ITI. Collocds—The work of Ascoli and Izar on the accelerating 
action of inorganic hydrosols on autolyzing liver was repeated, 
but not confirmed. Sols of silver, gold, and platinum, prepared 
by the Bredig method, were found to be wholly inert, neither ac- 
celerating nor inhibiting autolysis. Colloidal Fe(OH)3, AseSs, 
and Sb.S3 when dialyzed free from electrolytes were found equally 
inert when added to autolyzing liver pulp. The disagreement 
between these results and those of the above mentioned authors 
is so complete that further experiments are under way. 


THE INFLUENCE OF MECHANICAL WORK UPON PROTEIN ME- 
TABOLISM DURING THE HEIGHT OF MEAT DIGESTION 
IN THE DOG. 


By H. V. ATKINSON. 


(From the Physiological Laboratory, Cornell University Medical College, 
New York City.) 


A dog was given 600 gm. of meat daily in one portion, and 
the nitrogen eliminated in the urine during the 4th, 5th, and 
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6th hours was determined. The dog was then caused to run on a 
treadmill during the 5th hour and it was found that the quantity 
of nitrogen in the urine was the same as during rest. Therefore, 
mechanical work has no influence on the rate of absorption per 
hour or the intensity of protein metabolism per hour in a dog 
which has been given meat in large quantity. 


METABOLIC STUDY OF a-UREIDOISOBUTYLACETIC ACID. 
. By ALICE ROHDE. 


(From the Hooper Foundation, San Francisco.) 


The procedure described for the identification of .-ureido- 
8-phenylpropionic acid in the presence of amino-acids and of 
urea is found to be applicable to the identification of a-ureido- 
isobutylacetic acid under similar conditions. This uramino-acid 
was recovered in considerable quantity from the urine of a cat 
after slow, continuous injection of a saline solution of the material 
into the blood stream of the animal. 


CHANGES IN THE COMPOSITION OF MUSCLE OF SALMON 
DURING MIGRATION. 


By CARL H. GREENE. 


(From the Sheffield Laboratory of Physiological Chemistry, Yale University, 
New Haven.) 


The muscles of the salmon during the fast of the spawning 
migration show a great decrease in the amount of fat and protein 
present, with a corresponding increase in the water content. 
During the first part of the migration the fat shows the greatest 
decrease but with the beginning of the disappearance of the fat 
the protein catabolism becomes marked. On the spawning 
grounds the fish show great exhaustion of all food reserves in 
comparison to the initial condition. 

The organic extractives as a whole and the extractive nitrogen 
in particular show a general tendency to increase during the 
migration fast. There is no apparent relationship in the behavior 
of the organic and inorganic extractives. 

The amino nitrogen in the fat-free tissue increases from 61 to 
84 mg. per 100 gm. This increase is most marked calculated on 
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the basis of the relation between the amino nitrogen and the pro- 
tein from which it must be formed. Proportionately, the in- 
crease is nearly 100 per cent. During the migration the amino- 
acids are liberated at the expense of an ever increasing wastage 
of the muscle proteins. 

The most’ significant change lies in the relation of the amino- 
acids to the water in the muscle. At the beginning the amino 
nitrogen value calculated per 100 cc. of water increases from 80 
to 100 mg. Its concentration then remains unaffected by subse- 
quent changes. With the stimulated protein catabolism the 
muscles, or more particularly the fluid in the muscles, become 
saturated with amino nitrogen early in the migration period. 
This saturation continues through the migration regardless of the 
great loss of muscle protein, until in the end the exhaustion of the 
organism proceeds to a degree culminating in death. 

The determining factor in the behavior of the amino-acids 
would seem to be the volume of water present in the muscles and 
not the protein. This previously undescribed water volume 
effect is a strong regulating factor and must be added to those 
suggested by Van Slyke as probably controlling the amino-acid 
content of the muscles. 


THE COMPOSITION OF THE OVARIES OF THE SALMON DURING 
MIGRATION. 


By C. W. GREENE. 


(From the Department of Physiology, University of Missourt, Columbia.) 


Chemical analyses were made of the ovaries of fifteen indi- 
vidual salmon of the species Oncorhynchus tschawytscha chosen 
from five stations of the Columbia River basin during the mi- 
gration to the spawning grounds. The analytical results, with 
the exception of the fat, were computed in terms of the fat-free 
sample, and yield the following comparisons. The neutral fat 
' in the wet sample of ovarian tissue averages 14.15 per cent at the 
mouth of the river, 17.38 per cent about 210 miles up the river, 
and drops to 10.38 per cent at the spawning grounds. This fat 
is a superload in the ovules and cannot be considered a part of 
the ovarian protoplasm. Leaving the fat out of consideration 


and calculating on a fat-free or protoplasmic basis, the total 
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proteins average 29.8 to 31.2 on the lower river, 31.3 in the upper 
river, and 29.4 at the spawning grounds, a remarkably constant 
composition. The lipoids decrease from an average of 4.8 at the 
mouth of the river to 3.3 at the upper river, and 2.85 on the 
spawning grounds, showing that the percentage of lipoids di- 
minishes with development, at least in this fasting fish. The or- 
ganic extractives slightly increase during the early stages of 
migration but decrease during late migration and at spawning. 
The inorganic salts increase with the migration. Summarizing, 
it is apparent that the reserve fat of the ovaries decreased with 
the migration as does also the percentage amount of lipoids pres- 
ent. The organic extractives vary in harmony with similar 
changes in other tissues of the body though less in amount. The 
protein content of this growing reproductive tissue remains re- 
markably constant. In view of the great increase in mass of the 
ovaries during the migration and fast, from 600 to 1,000 per cent 
increase, we must look to other tissues for the food supply used 
in the growth of the ovaries. Analyses already presented show 
that the muscles of the salmon contribute this material. The 
muscles decrease in absolute weight and also in percentage of pro- 
tein and in fat during the migration. The most vital constituent 
is the protein. The muscle proteins are diminished by 30 per 
cent during the migration without affecting the physiological or 
histological characteristics of the tissue. So it is obvious that 
this great excess of protein must exist in the muscle in the form of 
stored protein. There is a protein storage in the salmon com- 
parable to the similar storage of fats. This stored protein is 
available during the migration for the synthesis of new protein 
tissue in the developing ovaries. 


THE PREPARATION OF YEAST NUCLEIC ACID. 
By EMIL J. BAUMANN. 


(From the Sheffield Laboratory of Physiological Chemistry in Yale Univer- 
sity, New Haven, and the Biochemical Department, University 
of Toronto.) 


A new method fo> the preparation of yeast nucleic acid is sug- 
gested based on the facts: (1) that nucleoprotein is a type of acid 
protein and is separated into nucleic acid and protein by treat- 
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ment with alkali in the cold; (2) that nucleic acid is soluble in 
dilute acetic acid; (3) that nucleic acid is precipitated by mag- 
nesium sulfate in the presence of hydrochloric acid, as proposed 
by Slade. 

Fresh brewer’s yeast is diluted with water and treated with a 
concentrated solution of sodium hydroxide (100 gm. of alkali 
per kilo of yeast) and the solution then partially neutralized with 
hydrochloric acid. The solution is made acid with acetic acid 
and filtered from the separated protein after the bulk of the pre- 
cipitate has settled. The filtration is best accomplished with 
fluted filters or paper pulp. The clear filtrate is treated with 5 per 
cent of magnesium sulfate and enough hydrochloric acid to cause 
the nucleic acid to flock out. The precipitated material is the 
monomagnesium salt and may be dried after washing with alcohol 
and ether. Yield: 4—-7.5 gm. per kilo of yeast. 

The analyses for N, Mg, and P are. lower than the calculated 
figures, but the ratios of the three elements correspond accurately 
with those for monomagnesium nucleate. 

The method is applicable to animal nucleic acid with slight 
modifications. 


STUDIES IN ENDOGENOUS URIC ACID METABOLISM. 
By HOWARD B. LEWIS, MAX 8. DUNN, anv E. A. DOISY. 


(From the Laboratory of Physiological Chemistry of the University of Illinois, 
Urbana.) 


The influence of proteins and various protein derivatives upon 
the hourly uric acid elimination has been studied in the fasting 
subject on a purine-free low protein diet. Protein (egg white, 
cottage cheese) caused a slight rise beginning the 2nd hour after 
ingestion and increasing to a maximum at the 4th hour. Inges- 
tion of equivalent amounts of nitrogen in the form of amino-acids 
(glycocoll, alanine) resulted in a sharp rise the 2nd hour after in- 
gestion followed by a prompt return to the normal level. Ad- 
ministration of a second portion of glycocoll following the return 
to normal caused a like increase in the uric acid excretion. The 
increased uric acid metabolism was not apparently associated 
with the phenomena of specific dynamic action of the glycocoll, 
since aspartic and glutamic acids which probably exert no such 
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action caused increases in the uric acid excretion of even greater 
magnitude than glycocollor alanine. Neither urea nor ammonium 
chloride administered in amounts comparable to the amino-acids 
had any influence on the uric acid output. These results are be- 
lieved to indicate that the rise in uric acid excretion following 
ingestion of protein food is not due mainly to the work of the di- 
gestive glands but to stimulation of the cellular metabolism by 
the amino-acids liberated in the digestion of the protein. Cre- 
atinine excretion was not affected in any of the experiments. 
Uric acid was determined colorimetrically according to Benedict 
and Hitchcock. 


ASPECTS OF HIPPURIC ACID CONJUGATION. 
By E. LACKNER, A. LEVINSON, anp WITHROW MORSE. 
(From the Nelson Morris Institute, Chicago.) 


The liver is concerned with several types of pairing, yet Sal- 
kowski reported that the principal seat of hippuric acid conjuga- 
tion is resident in the kidney. Salkowski’s observations have been 
repeated by others, and variations in the sweeping statements 
given by him have had to be made. In the dog, Kingsbury 
found that there are other organs concerned with this type of 
pairing. The purpose of the following experiments was first of 
all to determine whether the liver played a recognizable réle in 
hippuric acid synthesis, and, secondly, whether, if this is true, 
the principle could be utilized in detecting obscure liver involve- 
ments in man. 

Two male dogs were isolated’in metabolism cages and the food, 
water, and excretions observed over a period of 34 days. The 
urine was collected in 24 hour quantities. Hepatic involvement 
was made by the use of hydrazine sulfate, which, according to 
Underhill and Kleiner and to Gideon Wells, produced liver lesions _ 
while leaving the kidneys untouched. The truth of this is vouched 
for by the chloride figures of the present set of experiments as 
well as by the evidence of autopsy. Hippuric acid was deter- 
mined by the Folin-Flanders method; chlorides were determined 
by the method of Volhard; gasometric amino nitrogen determi- 
nations were made upon the hydrolyzed urine to determine the 
glycocoll participation. 
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The following table gives the résumé of the experiments: 


(1) Average normal excretion of hippuric acid nitrogen per 24 hours. 


Et eT. RO RET, Neb hte Wee oe ae! CETERA ERO ds 5 Ss 0 .029 
Reh ic. eT Gh a Bae Br ty ls WG RE PERE ae 6g 0.032 

(2) Average excretion after the administration of 2 gm. of sodium benzoate 

by mouth. 

[tet ARI ee 8 Ni a eR at os 0.082 
Pe. cic LA Cen Ceakea Cae eae NEE Bud ee eG 0.069 

(3) Average excretion after administration of hydrazine sulfate by mouth. 
LEGER IO ne Oe on NLL a ee 0.043 
Rls es 3 ee Erato ta cet acid.) Be ol CN 0.045 

(4) Average after injection subcutaneously of 500 mg. of hydrazine sulfate. 
Ere cee Ope nat ire ects ee RIAL ek ec Seen kstrs ats in 6G 0.026 
TEAS 3 Nee nag oh: pea eae? ES oy aes he ee Se ee 0.030 

(5) Average after following this injection with 2 gm. of sodium benzoate 

by mouth. 
gt SS a OA Serre coe gte-  ce) Ohh eran a, War ae Aa ae Be 0.015 
RPE eM rade ue ate oc aos, 3 oh ws de Aevee EOS Sia luy yee 0.014 
Averages of the two dogs. 

ee Ce ee ae en es ee aa eae oe Sree lee Gee 0.030 
RN eer Ee saws a AE Re es as bee 0.075 
zs Bay tur tote Se Pe ee eee, EP Ogee Re 0.044 
oi EES ATS SoC E OU Re ea re, 0.028 
va Pry sere MM atic ald shales 4 a tele «ns 0.014 


From these figures, it is evident that normally, an increase in 
hippuric acid nitrogen after giving sodium benzoate by mouth 
- occurs; that after giving hydrazine by mouth, the hippuric ex- 
cretion was not affected; that no effect was observed upon the 
administration of hydrazine subcutaneously, but that after hy- 
drazine wnjection followed by sodium benzoate by mouth, less hip- 
puric acid vs excreted. 

The kidneys gave every evidence of being normal, as judged 
by the chloride excretion day by day and also by the condition 
of the kidney at autopsy. Professor Oscar T. Schultz, director 
of the Institute, kindly performed the autopsy and reported that 
Dog II gave wholly normal histological pictures, while Dog 1 
showed some glomeruli and interstitial capillaries engorged, but 
no other indication of lesion. The livers, on the other hand, 
showed marked fatty degeneration with central congestion and 
central necrosis. It is to be concluded, then, that in the dog 
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the excretion of hippuric acid varies with the condition of the liver, 
the ‘kidney remaining constant. 

If it is true that, in the mammal, the liver participates to a 
major degree in hippuric acid pairing, we should be able to recog- 
nize the involvement of the liver by this means. Several normal 
children were studied, sodium benzoate being given by mouth, 
and the hippuric acid figures compared with those obtained upon 
days when no benzoate is given. Invariably there is an increase 
in hippuric acid excretion. In one case where there was extensive 
liver involvement (child of 11 years, mitral regurgitation, heart 
decompensated, liver greatly enlarged), no increase in hippuric 
acid excretion following administration of sodium benzoate was 
observed. 


CONCLUSIONS. 


1. In dogs, there is a marked participation of the liver in the 
pairing of hippuric acid. 

2. This may be determined by administering subcutaneous 
injections of hydrazine and following these injections by admin- 
istration of sodium benzoate by mouth, the hydrazine inducing 
fatty degeneration of the liver, while the kidney remains intact. 
There is a lessened output of hippuric acid under these conditions. 

3. What appears, from a single crucial instance, to be a similar 
condition in man was observed. 


A MODIFICATION OF THE LEWIS-BENEDICT METHOD FOR THE 
DETERMINATION OF SUGAR IN BLOOD. 


By STANLEY R. BENEDICT. 
(From the Department of Chemistry, Cornell Medical College, New York City.) 


A study of the reaction between picric acid and glucose in alka- 
line solution was undertaken to find conditions under which this 
reaction will proceed to completion in dilute solution, thus avoid- 
ing the necessity of concentrating by boiling, as in the Lewis- 
Benedict procedure. The results have shown that in no possible 
concentration of sodium hydroxide is the depth of color directly 
proportional to the concentration of sugar. This alkali therefore 
cannot be employed. With increase of concentration of carbon- 
ate during the reaction there is increase in depth of. color de- 
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veloped almost indefinitely, but high concentrations of carbonate 
lead to the occurrence of secondary reactions, so that the color 
developed is again not directly proportional to the concentration 
of sugar. Thus the concentration of carbonate cannot be in- 
creased to cause the reaction to go to completion in dilute solu- 
tion. It was found, however, that in high concentration of 
picric acid (greater than a saturated aqueous solution) the reac- 
tion with glucose will be definite and quantitative in dilute solu- 
tion in the presence of a moderate concentration of sodium car- 
bonate. Details of the method thus developed will be published 
shortly. - 


A PRELIMINARY REPORT ON THE URINARY EXCRETION OF 
SUGAR IN THE NORMAL DOG. 


By STANLEY R. BENEDICT ann EMIL OSTERBERG. 
(From Department of Chemistry, Cornell Medical College, New York City.) 


The excretion of sugar in the urine of a normal dog upon vari- 
ous diets was studied by means of a new method for determination 
of sugar in normal urine. The technique will be published in 
detail shortly. The results of the study showed that sugar ex- 
cretion in the normal dog bears no relation to urinary volume, 
but is dependent upon food ingestion and the nature of the diet. 
After food is eaten the curve of sugar excretion promptly rises, 
reaching a maximum usually in the 4th to 5th hour after the feed- 
ing. The curve then falls quite rapidly, reaching a low level 
during the early morning hours. The sugar excretion is less on a 
meat diet than on a diet rich in starch, but the curve of sugar 
excretion follows the same general curve in both cases. 


A NEW FORM OF COLORIMETER. 


By JOSEPH C. BOCK ann STANLEY R. BENEDICT. 
(From Department of Chemistry, Cornell Medical College, New York City.) 
An accurate colorimeter has been developed in which the place 


of costly and difficultly obtainable prisms is taken by mirrors. 
The instrument will be described in detail later. 
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ADSORPTION PHENOMENA IN COAGULATION. 
By G. H. A. CLOWES. 
(From the Gratwick Laboratory, Buffalo.) 


Physical quality and speed of formation of blood clot appear 
to depend upon the degree of dispersion of reacting colloids and 
their initial and final solution concentrations. Much previous 
work on coagulation is invalidated owing to failure to recognize 
the extent to which individual coagulation factors are influenced 
by very slight variations in hydrogen ion content of the medium 
in the absence of the buffer system. 

Precipitated or colloidal barium sulfate, calcium oxalate, etc., 
may be used to fractionate coagulation factors. Prothrombin is 
strongly adsorbed by these substances. Adsorption is propor- 
tional to the degree of dispersion of the adsorbent and is depen- 
dent apparently upon presence of unsaturated lipoids like cepha- 
lin, thus indicating probable surface réle of lipoids in coagulation 
processes and affording a quantitative method of estimating 
prothrombin and lipoid. 


SALT METABOLISM IN DIABETES. 
By A. H. BEARD anp L. G. ROWNTREE. 


(From the Department of Medicine, University of Minnesota, Minneapolis.) 


An investigation was undertaken to determine the cause of the 
‘gain of weight in diabetes during starvation and on low carbohy- 
drate intake. Gains up to 10 and 12 pounds were encountered 
during periods of low caloric intake. Edema developed in three 
cases in a series of twenty-five. 

It was found that diabetic patients allowed to use table salt 
ad libitum consumed frequently very large quantities, as high as 
40 gm. a day in one instance. Salt and fluid balance charts were 
constructed and correlated with a weight chart. In some cases 
it was shown that the gain in weight and development of edema 
were synchronous with, and in all likelihood dependent upon 
retention of salt and water. 

In one case with restricted sodium chloride intake, but taking 
large quantities of sodium bicarbonate, retention of fluid and 
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marked gain in weight and edema developed. On withdrawing 
sodium bicarbonate and allowing sodium chloride loss of weight 
occurred. 


OBSERVATIONS ON THE PERMANGANATE TITRATION OF URIC 
ACID CONTENT OF BLOOD. 


By J. LUCIEN MORRIS. 
(From the College of Medicine, University of Illinois, Chicago.) 


The determination of the small amounts of uric acid in blood 
by permanganate titration in acid solution is subject to a rela- 
tively large error. This is due to the continued reduction of 
permanganate after all uric acid has been oxidized. ‘The transi- 
tory nature of the pink color end-point gives an error of only 
2 to 3 per cent of the 2 mg. of uric acid in the titration following 
precipitation from urine as zinc urate. The error is 20 to 30 per 
cent of the 0.2 mg. of uric acid present in the usual quantity of 
blood taken for analysis: Oxidation of uric acid by permanga- 
nate in the slightly alkaline solution of sodium bicarbonate is a 
much less vigorous reaction and affords an opportunity of meas- 
uring the conclusion of the oxidation. The end-point used is the 
very delicate iodostarch color, which can be*applied to the de- 
tection of an excess of permanganate because oxidation of potas- 
sium iodide does not take place in the weakly alkaline solution 
until all uric acid has been oxidized. 

The precipitated zinc urate and zinc carbonate are dissolved 
in hydrochloric acid and disodium phosphate is added until all 
the zi,ne has been precipitated. ‘To the resulting solution of uric 
acid n sodium phosphates, with which the zine phosphate is 
present as a precipitate, 25 cc. of a saturated solution of sodium 
bicarbonate, 5 cc. of a 10 per cent potassium iodide solution, and 
1 ec. of a 0.5 per cent soluble starch solution are added. 0.002 N 
permanganate is run in from a burette until the blue color of the 
iodide of starch appears. Using this procedure, 0.2 mg. of uric 
acid (the amount found in 20 cc. of blood) can be determined 
with an accuracy of 5 per cent or better. The results in blood, 
as well as the application of this new titration to other organic 
substances, are being studied further. 
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ALVEOLAR CARBON DIOXIDE OF THE NEW-BORN. 
By MAX SEHAN. 
METHODS OF DETERMINING HYDROGEN ION CONCENTRATION 
AND BUFFER VALUE (ALKALINE RESERVE).* | 
By J. F. McCLENDON. 
THE ISOLATION AND IDENTIFICATION OF THE THYROID 
HORMONE. 
By E. C. KENDALL. 


A SIMPLE METHOD OF MAKING STALAGMOMETERS. 
By A. D. HIRSCHFELDER. 


THE FOOD VALUE OF SOME OF THE LESS USED PACIFIC COAST 
FISH. 


By F. W. ALBRO anp H. A. MATTILL. 


*Published in full in J. Biol. Chem., 1918, xxxiii, 19. 
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